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1.00 GE1TERAL INTRODUCTION 
1.10 Classif ication of histones 
Histones have been described by Murray (1964) 
as basic nuclear proteins which are at some time associat-
ed with DNA. Reviews on the biochemistry' of histones have 
been written by Phillips (1962), Busch (1965 ), · Butler, Joh..l1s 
and Phillips (1968), Hnilica (1967) and -Bonner, Dabrnus , Fam-
brough, Huang, Marushige and Tuan (1968 ). These proteins 
are at present the subject of considerable interest because 
they are . probably involved in the permanent repression of 
part of the genetic information of the DNA. If this is so, 
they must be basically involved in the control of cell d.iffe r --
entiat ion. 
The first workers to suggest this function for the 
histones were Stedman and ,Stedman (1943). Early attempts 
to produce evidence in support of this theory were directed 
at demonstrating the presence of different histones in nucle i 
from a variety of species and tissue types. Much confusion 
arose in these early studies because the methods of i s olating 
and characterizing histones were not well defined. Later 
methods developed by Rasmussen, Murray and Luck (1962 ) and 
Johns (1964) enabled workers to consistently i s olate a limited 
number of well defined histones . Fambrough and Bonner (1969) 
after a detailed study of pea histones, concluded that only 
about eight different histones were present in pea tissues. 
Bonner et a l. (1968) stated that "the enormous heterogeneity 
found in the past appears now to ·be attributable to 
i) contaminat ion by ribosomal proteins ii) the formation 
of aggregates of histones withone another and with ribosomal 
proteins iii) proteolysis of histones during preparation". 
The confus ion regarding the nomenclature of the 
main histone fractions , which resulted from the earlier 
studies has now been partially resolved. There is, however, 
still no universally accepted agreement about which system 
should be used. The various systems of nomenclature and · 
some of the more important characteristics of the p.ist°'\les 
are summarized in Table I which has been mainly adapted from 
Fambrough and Bonner (1969 ). 





































































































































































































































































































































































































































































































1.20 Histone structure 
A large body of evidence has now accumulated 
which indicates that histones from a wid e variety of sources, 
including neoplapms , are remarkably s-imilar in structure . 
(Laurence , Simson & Butler, 1963; Hnilica , 1966; Fambrough 
&· Bonner, 1966 , 1968-; Palau , Ruiz-Carillo & Subirana, 1968; 
MacGillivray , 1968 ; Delange, Fambrough, Smith & Bonner, 1968; 
Desai, Ogaw·a , Mauritzen , Taylor & Starbuck, 1969) ·. 
It has also been shown· ·that the primary structure 
of histone ·F2a1 has remained almost unchanged through 
millions of -years of evolutiqn. The amino acid sequence of 
calf thymus F2a1 (Delange , Fambro~h , Smith and Bonner , 1969a; 
Ogawa , -Quagliarotti, Jordan, Taylor , Starbuck and Busch, 1970) 
was found t o differ from pea F2a1 only by two conservative 
changes (Delange , Fambrough, Smith & Bonner, 1969b; Smith, 
Delange & Bonner , 1970) . Primary structure must, therefore, 
be so essential for the regulation of biological function 
that mutations only occur extremely rarely and are conserva-
tive in nature. 
1 .30 Inhibition of transcription by histones 
Huang and Bonner (1962) and Allfrey, Littau and 
Mirsky (1963 ) showed- that in vitro transcription of RNA 
from a DNA template by RNA polymerase was inhibited by his-
tones . Although there was some dispute ab out which histones 
were the most active inhibitors (Allfrey , et al ., 1963; 
Hindley, 1964; Barr & Butler, 1963 ), this observation has 
been well substantiated-. Differences in activity seem to 
haye been due to experimental techniques e . g . ionic strength 
and type of cation in the medium (Johns & Forrester , 1969) 
and order in which reagents are added (Spelsburg , Tankersley 
& Hnilica, 1969). 
1.40 Specificity of interaction between histones and DNA 
Because histones are of limited heterogeneity, it 
was necessary to show that a mechanism ex ists whereby they 
can attach t o DNA in a specific fashion . If this is s o, 
then selected parts of the DNA could be repressed in different 
tissues, and it would be expected that RNA transcribed from 
different chromatins or from DNA would show detectable 
differences . 
I . ... 
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Skalka , Fowler and Hurwitz (1966) showed that RNA 
transcribed in vitro from deproteinized DNA had a different 
bas e ratio and nearest neighbour frequency to RNA transcribed 
from DNA in the presence of histone . Paul and Gilmour (1966a) 
found that RNA trans cribed from whole chromatin only hybrid-
ized with 5% of the whole DNA, while RNA transcribed from DNA 
hybridized with 50% -Of the whole DNA . They further showed 
(Paul & Gilmour, 1966b, 1968 ) that the RNA trans cribed from 
chromatin in an in vitro system is both .organ and speciGs 
specific. Bonner, Huang and Gilden (1963 ) showed that the 
synthesis of a specific protein was chromo s omally directed. 
Pea seed globulin is made only in developing pea cotyledons 
not in o"ther organs of the plant . Chromatin was isolated 
from developing pea cotyledons and from pea bud. RNA trans-
cribed from these chromatins was coupled to a system of E . coli 
ribosomes which synthesized protein. Only RNA transcribed 
from pea cotyledons generated pea seed globulin . It is 
therefore clea r that in naturally occurring chromat in only 
certain nucleotide sequences on the DNA are available for 
transcription, whereas in deproteinized DNA virtually all the 
DNA is available. 
The in vitro reconstitution of chromatin proved to 
be a complex problem. Separation of nuclear proteins from 
DNA was accomplished by Huang & Bonner (1962) by centrifugation 
of chromatin in 4M cesium chloride . The protein layer which 
formed as a skin on top of the tube contains both histones and 
acidic nuclear proteins and a specific type of RNA known as 
chromosoma l RNA . Chromosomal RNA consists of molecules of 
approximately 40 nucleotides and is characterized by a high 
content of dihydrouridylic acid (Huang & Bonner , 1965) . 
Similar chromos omal RNA ' s have been isolated from chromatin . 
from a variety of sources - pea (Huang & Bonner , 1965 ); chick 
embryo (Huang, 1967 ); rat liver - (Benjamin, Lenander , Gellhorn 
& De Bellis , 1966 ); rat ascites tumour (Dahmus according ~o 
Bekhor , Kung & Bonner , 1969) and calf thymus (Shih acc ording 
to Bekhor et al ., 1969 ). 
I . ... 
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In in vitro systems the acidic nuclear proteins 
apparently have little ef.f ect in repression of DNA. 
Marushige and Bonner (1966) found that deproteinized DNA and 
dehistonized DNA had similar template activity. Marushige, 
Brutlag and Bonner (1968) complexed non-histone chromosomal 
protein to DNA and found that the complex had -the same 
activity in support of RNA- synthesis as does pure DNA. The 
non-histone nuclear proteins, together with the chromosomal 
RNA, appear to have a vitally -important -function in regulat-
ing the attachment of histones to DNA in a specific fa shion. 
Bonner and Widholm (1967) isolated pea cotyledon 
chromosomal RNA and found that it ·.hybridized with about 5% 
of nuclear DNA. Bekhor e-t al. (1969 ) showed that -if chromo-
somal' proteins (histone and non-histone) and chromoBornal RlA 
were reconstituted with DNA by mixing in 2M NaCl and removing 
the salt by gradient dialysis; masking of the DNA- occurred in 
a random- fashion . If the reconstitution took place in 
2M NaCl ·and 5M urea-- and ;first the salt and -then- the 5M urea 
were removed by gradient dialysis, the reconst~tion took 
place in a specific fashion as judged by hybridization com-
petition experiments with RNA ' s transcribed from the recon-
stituted and native chromatins. - -Destruction of the RNA by 
zinc nitrate or RNAs-e made the specif-ic recombination i.m--
possible. Huang and Huang (1969) had -similar results and 
they believe that- chromosomal RNA is bound to acidic protein 
by co-valent linkage. - The chromos omal R.L"'ifA and bound acidic 
protein apparently binds with the DNA at specific loci and 
allows histones to bind non-covalently at certain specific 
sites only . Gilmour and Paul (1969-) also show ed that 
specific reconstitut~on of chromosomal proteins required the 
presence of both acidic protein and histone and could only be 
satisfactorily achieved by reconstitution in 2M Na Cl and 
5M urea and subsequent removal of the salts by dialysis . 
The findings reported above strongly suggest that 
histones are- indeed active as repressors of DNA. - The chromo -
somal RNA and non- histone proteins, although not primarily 
involved in DNA repression , provide the specific "coding mech-
anism" which determines which part of - the available DNA will 
be repressed . 
I . ... 
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1.50 Physical and chemica l properties of chromatin and histones 
In considering the biological functions of chromatin , 
the physical and chemical properties of histones and of chro -
matin must be studied. . Both F2a1 (De Lange et a l., 1969a,· 
1969b; Ogawa et al., 1969-) and ·Fl (Bustin, Rall, Stellwagen 
& Cole, 1969) have mos t of t he ir basic residues pres ent in 
one half of the molecule and most of the aromatic amino acids 
in the other half . I t has therefore been suggested that t he 
more basic half of the molecule may ·conta in the specific 
binding site to DNA and the other may possess a specific 
protein conformation. 
It has been suggested that chroma.t in is supercoiled 
(Gianonni & Peacocke, 1963; Davies, 1967; Tuan (1966) ac -
cording to Bonner et a l., 1968) . Considerable evidence has 
been pre sented in support of the postulate that arginine-rich 
histones are mainly responsible for the supercoiling and that -
the lysine-rich histones act as cross linkers (Littau, Allf~ey , 
Frenster & Mirsky, 1964 ; Ohba , 1966; Bradbury, Crane-Robinson 
Goldman, Rattle ·& Stepheis, 1967; Frederic & Houssier, 1967 ; 
Chalkley & Jensen, 1968). Another question of importance 
is whether there are stretches of DNA where a particular type 
of histone occurs very frequently. · Available information 
seems to indicate that the distribution is heterogeneous 
(Ohlenbus ch, Olivera, Tuan & Davidson, 1967; Ill.yin & Georgie , 
1969) . 
Electron microscope studies have indicated that t wo 
types of chromatin are present in cell nuclei - a condensed 
type known as heterochromatin and an extended form known as 
euchromatin. The s e two types have been isolated (Frenster , 
Allfrey & Mirsky, 1963). It was shown that the extended 
form is much more active in -DNA, RNA and protein synthesis 
than condens ed chromat in . Further studies revealed that 
' 
dense chromatin is formed by -lysine-rich histones cross -
linking the chromatin fibrils (Littau, Burdick, Allfrey and 
Mirsky, 1965) . 
Although active and repressed chromatin contain 
histones which are qualitatively and quantitat ively similar, 
active chromat in has a much higher polyanion content 
(Frenster, 1965) . Frenster (1965) also found that the addi-
tion of a synthetic polyanion, polyethylene sulphonate to an 
in vitro system resulted in a great increase in RNA synthesis . 
. I . ... 
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This experiment indicated that interference by negatively 
charged molecules which could- compet e for positively charged 
binding sites on the histone molecules, might play a role in 
the derepression of chromatin . Similarly, chemical modific-
tions of the histones could have this effect. Acetylation, 
phosphorylation, thiolation and methylation of histones have 
been suggested as being involved . 
Acetylation of thee amino groups of lysine .residues 
in the arginine-rich hi.st ones is acc ompanied by increa sed RUA 
and protein synthesis (Allfrey, Faulkner &·Mirsky , 1964 ; 
Pogo, Allfrey & Mj_rsky , 1966; Vidali , Gershey & Allfrey, 1968 ; 
Marzluff & McCarty, 1970 ). Arginine-rich histones acetylated 
at the, N amino termina l group and unacetylated arginine-rich 
histones had similar activity in repressing in vitro RNA 
transcription (Clark & Byvoet, 1969) . Acetylation of lysire-
rich histones appeared to occur only in newly synthesized 
histones (Pogo , Pogo, Allfrey & Mirsky , 1968)·. Nohara, 
Takahashi and Ogata (1966') showed that acetylation of hj_stones 
occurs under the· control of a specific enzyme and requires 
acetyl CoA as a donor of acetate . 
Phosphorylation of Fl and F3 have also been exten-
sive~y studied and similarly implicated as a step i nvolved in 
the derepression of -chromatin (Ord & Stocken , 1965; Kleinsmi th 
Allfrey & Mirsky , 1966 ; Ord &-Stocken, 1966a, 1966b ; Stevely 
& St ocken, 1966; · Ord & Stacken, 1967; Ord & Stocken , 1968; 
Ord & Stocken, 1969). Phosphorylat ion of hi.stones is cata-
lyzed by an enzyme histone phosphorylase (Langan & Smith, 1967) 
The · presence of small amounts of cyclic AMP cause the rate 
of histone phosphorylation to increase fo ur to six fold 
(Langan , 1968) . This finding suggests a mechani sm for the 
-induction of RNA synthesis by those hormones that cause an 
increase in the concentration of cyclic A~IP. 
Thiolati.on of disulphide bonds has also been studied 
(Marsh, Ord & Stocken, 1964; Ord & Stocken , 1967; Ord & 
Stocken, 1968) . Of the well-studied major histone types 
only F3 is known to contain thiol groups (Phillips, 1965 ; 
Fambrough & Bonner, 1968). It is not certain whether the 
fractions studied were in all cases histones or non-histone 
contaminants (Marsh, Ord and Stocken , 1964) . 
I . ... 
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Methylation of histones may play a similar role 
and recently a methylase from calf thymus nuclei, which 
methylates e amino groups of lysine, has been partially pur-
ified by Paik and Kim ( l970) . 
Several hormones have also been shown to be active 
in the induction of chromatin e.g. gibberilic acid (Tuan & 
Bonner, 1964); cortisones (Caffrey, Whitchard & Irvine, 1964); 
thyroxine (Kim & Cohen, 1966); oestradiol (Barker &.Warren, 
1966); androgen (Liao, Lin & Barton, 1966) -and insulin -
( Morgan & Bonner, ~1970). · The possible tie-up with phosphor-
ylation of histones and derepression of DNA through the media-
tion of cyclic AMP has already been mentioned . 
Histones appear to be of great biological importance 
in the repression of DNA and therefore in cell differentiation. 
Although much knowledge has been gained concerning the biologi-
cal role of histones, many concepts are still poorly -defined . 
It was thought that the use of immunochemical methods might 
prove useful in solving some of the problems (See Section 4 .00) 
This study has , therefore, been primarily directed at de-




2 . 00 MATERIALS AND METHODS 
2.10 Isolation and purification of histones 
2.il Preparation of nucleoprotein. Calf thymus was collected at 
the abattoir and immediately placed on dry · ice and transported 
to the laboratory. Nucleoprotein was prepared by a slight 
modification of Johns (1964) method. The thymus was thawed, 
trimm.ed and minced . Seven times its weight of a 0.14 M sodiu.:n 
chloride solution, 0.01 Min sodium -citrate (Mauritzen, 
Starbuck, Saroja, Taylor & Busch, 1967) was added and the 
mixture homogenized at high- speed ln a Braun atomix for five 
minutes.. The suspension was centrifuged at 1100g f or 30 min 
and the supernatant discarded. The sediment was resuspended 
in citrate saline and homogenized · for 30 sec and centrifuged 
for 15 min. The washing was repeated five times . The de-
posit was washed twice with water and collected by centrifuga -
tion for 30 min at 10,000g. The thick jelly~like material 
was finally transferred with a · small amount of water, into 
flasks and freeze dried. All the above steps were carried 
out at a temperature of+ 4°c . A total of 35g of nucleo -
histone prepared in this manner was stored at - 10°c for use 
in subsequent experiments. 
2.12 Prepa r a tion of total his tone. Total histone was prepared 
by extraction of dried nucleohistone with 0.25 N hydrochloric 
I , 
2.13 
acid at 4°c. Nucleohistone was homogenized with 50 times 
its weight of acid using an ultra-turrax homogenizer . The 
suspension was then stirred for 2 hours, centrifuged at 15,000g 
for · 10 min and the supernatant filtered through a No.4 sinte~-
ed glass disc. The deposit was re-extracted with about half 
the original amount of acid . The combined supernatants were 
dialyzed against a number of changes of distilled water until 
the pH of the dialysates reached that of distilled water . 
The dialyzed protein solution was subsequently freeze dried. 
Preparation of crude 
tions were prepared 
calf thymus or from 
(Section 2 .11). 
histone fractions . Crude histone frac-
by Johns method 2 (1964) from 100g of 
the equivalent amount of nucleohistone 
Fraction Fl was also prepared by a slight modifica-
tion of Johns method I (1964). Nucleohistone was homogenized 
I . ... 
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with 2.5 times its weight of 5 % (w/v ) perchloric acid, 
centrifuged in polypropylene centrifuge tubes and the sedi-
ment twice re-extracted with half this amount of dilute per-
chloric acid. The supernatants were filtered through No. 4 
grade sintered glass discs and the Fl precipitated by adding 
100% Cr...f/v) trichloroacetic acid solutj_on dropwise to the 
rapidly stirred solution to a final concentration of 18% (w/v). 
The precipitate was collected by centrifugation in polypropy-
lene tubes, redissolved in distilled water , dialyzed against 
several changes of distilled water and finally freeze dried . 
F2a1 and F2a2 were prepare
d by extraction of nucleo-
histone at pH 7.0 with 10% (w/v) guanidinium chloride in v/v 
ethanol (Johns, 1967). 
2.14 Purification of crude histone fractions by reprecipitation . 
Fl was further purified by repeatedly redissolving in 5% (w/v) 
trichloroacetic acid and precipitating at 18% (w/v) trichloro-
acetic acid . (Dick & Johns, 1969). 
F2b was purified by dissolving a crude F2b prepara-
tion in 1.-25 N hydrochloric acid to which was added 5 volumes 
of ice cold ethanol. The precipitate was washed twice in 
acidified ethanol (1 volume 1.25 NH Cl to 4 volumes of ethanol 
and the above precipitations repeated . a second time. The pre-
cipitate was washed in ethanol and then acetone and finally 
dried under vacuum in a dessicator. 
2 . 15 Purification by ge l filtration. In gel filtration experi-
ments, columns of 2.5 x 100 cm, 5cm x 100 cm and 2.5 x 180cm 
were packed with Sephadex GlOO or Biogel P60. They were 
eluted with 0.01 NH Cl conta ining· 0.02% (w/v) s odiQ~ azide . 
In some experiments sodium bisulphite was added (final con-
centration 0 . 01 M) to inhibit proteolyt"ic degradation (Panyim , . ~ ' 
Jensen & Chalkley, 1968) . Det~ls of each column run are 
gi v_en in the subscripts to the figures in the text. Protein 
c ontent of the fractions eluted was monitored at 230 mp- . 
Selected fractions were pooled, dialyzed against a number of 
changes of distilled water and freeze dried . 
2 . 16 Gel electrophoresis . Polyacrylamide gel electrophoresis was 
performed according to the method. of Panyim and Chalkley (196 9) 
in a 1510 polyacrylamide gel containing 2. 5 M urea. Gels -were 
f ormed in glass tubes 10 cm long and of internal diameter O. 5c, .. 
I . ... 
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The buffer was 0.9 N acetic acid. Samples were dis s olved 
in 8M urea, 0 .15 M mercapt oethanol. .. After pre-electrophoresis 
for 37 hrs at a current of 3m A per gel, 20 ?g of total histo:1.e 
or 5-10 pg of partially purified fractions were layered on top 
of the gels and electrophoresis was continued for 37 hrs at a 
current of 2m A per gel. Gels were stained with 0 . 1% (w/v) 
amido black . in 25% (v/v) ethanol and 7% (v/v ) a cetic a cid for 
10 min and then transferred to a solution of 25% (v/v) ethanol 
and 7% (v/v) acetic acid where they were left overnight . The 
following -day they were des tained ele crophoret ically i n 25% 
(v/v) ethanol and 7% ·(v/v ) acetic ac id s olution . 
2.20 interaction of histones · with rabbit se r um proteins 
2.21 immunizat ion of animals. 
ing methods: 
Rabbi ts were i mmunized by the foll ov: 
1) Three intramus cula r injections of 10mg of histone in com-
plete Freunds ad juvant at two week interva l s ; 
2) One injection of 4mg 'Of ins oluble polymerized hist one 
suspended fn phosphate buffered saline given intramuscularly 
and subcutaneously at 3 different sites followed by one sub -
cutane ous and three intravenous injections of 2 mg of histone 
polymer . All injections at 2-3 day interals ; 
3) Combinations of 1) and 2); 
4) Periodical re-immunizat ion of animals immunized as ab ove 
with 4 mg of s oluble tot a l histone and 2 mg of histone polymer 
in complete Freunds adjuvant; 
5) Fl/RNA complex in the ratio of 3:1 was emulsified in com-
plete Freunds adjuvant to give a final conc entra t"ion of l . 5mg/mJ 
Rabbit s received 1 ml intramuscularly and 0.5 ml intradermally 
in three separate sites . This injection schedule was repeated 
three times at 1 week intervals followed 10 days later by t he 
injection of 1 . 5mg of a similar complex intravenous ly (Stollar 
& Ward, 1970) . Animals were bled at various times and .. their 
sera used in experiments as indicat ed below. 
6 ) Anti-rabbit serum was raised in a sheep. The sheep receiv-' 
three intramuscular injections of 5ml of r abbit serum in com-
plete Freunds adjuvant at 2 week intervals followed 4 weeks 
later by a series of 7 intramuscular injections of 5ml of r abbit 
serum at 2-3 day intervals . The sheep was bled 2 weeks after 
the last injection . 
2 . 22 Serological tests . Gel diffusion tests were done in 1% agarose 
in 5 cm petri dishes . 0 . 038 M phosphate buffer , pH 7 .1 was 




generally used at a concentration of 7 mg/ml and histone 
fractions at 1.5 mg/ml. Serum was used undiluted or at 
various dilutions. 0.13.ml of serum was put into the central 
antiserum well and ·0 . 10 ml of histone solution into the six 
antigen wells . 
Complement fixation (C.F.) tests were done according 
to the method-described by Worthington and Mulders (1969). 
All sera were tested to end titre against a series of doubling 
dilutions of antigen . The titres quoted in the tes t are the 
highest dilution of serum in which 50% or less lysis of red 
blood cells occurred at the optimal antigen dilution. 
2.23 Preparation of insoluble histone poljmers. Insoluble polymers 
of totai histone or of histone fractions were prepared by the 
method of Avrameas and Ternynck (1967), 500 mg of histone 
dissolved in glycine/sodium glycinate buffer I= 0.05 and 
pH 10.5 or in 0.1 M Na2H Po4 , was stirred continuously and 
0.5 ml of ethyl chloroformate added. The pH was maintained 
as close to pH 10. 5 as poss'ible by the addition of 3 N NaOH . 
When the reaction was judged to be complete the suspension 
was allowed to stand for a further 30 min . The insoluble 
polymer was recovered by centrifugation, suspended in phosphate 
buffered saline, pH 7,3 (PBS) and briefly homogenized with an 
ultra-turrax homogenizer. The insoluble precipitate was then 
washed successively with PBS, 0.1% (w/v) Na2 co3 and glycine/HCl 
buffer I= 0.05, pH 2.3. I n each case the washing was con-
tinued until the absorbance of the supernatant was less than 
0.05 OD units at 230 mp and less than 0.01 OD units_ at 280 IDJ-1· 
The suspension was finally washed with distilled water until 
the pH of the supernatant was the same as distilled water, 
freeze dried and stored at -20°c until used. When small a-
mounts of polymers were prepared the procedure was scaled down 
proportionally. 
2.24 Adsorption of serum proteins with histone polymers . Dried poly-
mer was added to serum or gamma globulin preparations in propor -
tions as described in the text , and stirred for 2 hrs at room 
temperature. The polymer was collected by centrifugation and 
washed 5 - 10 times in PBS until the adsorbance of the super-
natant was less than 0.05 OD u,nits at 230 mp and less than 0.01 
units at . 280 rryJ.., The polymer was then washed 3 - 5 times with 
glycine/HCl buffer , pH 2.3, to dissociate the adsorbed proteins~ 
I . ... 
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The supernatants were immediately added to an equal amount of 
0.1 M Na2 H P04 
to bring the pH to approximately 7 .0 and fil-
tered through a millipore filter. Adsorbance in the U.V re-
- gion was used to c6nfirm the presence of protein. In the case 
of gamma globulin the extinction coefficient E2~~ .= 14.5 
was used to estimate the protein content. Variatks of buffers 
used to discharge the solutions and other qhanges in technique 
are mentioned in the text . 
2.25 Electrophoretic methods. 
1) Polyacrylamide gel electrophoresis for the identification 
of histones was done according to tl:e method of Panyim & 
Chalkley (1969) as described in Section 2.16. 
2) Polyacrylamide gel electrophoresis for the identification 
of serum proteins was done according to the method of Hjerten, 
Jerstedt and Tiselius (1965) in 0.37 '1 Tris buffer, pH 9.5. 
The gels were formed in glass tubes 10 cm long and internal 
diameter 0.5 cm, and contained 7 . 125% (w/v) acrylamide and 
0.375% (w/v) N, Nl-methylerte bis acrylamide form . An ammoniwn 
persulphate - N, N, N1 , N1 , tetramethyl ethylene diamine system 
which generates free radicles was used to catalyse the polymer-
isation . The gels were subjected to a pre-electrophoresis 
( 3 hrs, 3 mA/ gel ). followed by the analytical run ( 3 1/ 2 hrs, 
·3 mA/gel). ·5 ul of serum was layered d~rectly onto the top 
of the gels, equivalent amounts of gamma globulin were dissolved 
in 30% (w/v) sucrose solution to facilitate layering. Gels 
were stained with amido black and destained electrphoretically 
as described in Section 2.16. 
3) Cellulose acetate electrophoresis was done on 2 . 5 x 12 cm 
strips in 5,5 diethylbarbituric acid/sodium 5,5 diethylbarbit-
urate buffer pH 8.6, I = 0.07. 5 /ll of serum or an equivalent 
amount of protein was -applied to the strip and a current of 
0.4 m A/cm strip width passed for 2 hrs . 
4) Immunoelectrphoresis was done on microscope slides in 
1.4% .agarose (2.0m/slide) dissolved in sodium acetate sodium 5,5 
diethylbarbiturate /HCl buffer , pH 8.2 I= 0.1 (Michaelis, 1931 , . 
A cental trough and two antigen wells were cut with a Shandon 
pattern cutter. Serum samples of 1.0/11 or protein sample~ 
containing an equivalent amount of protein were placed in the 
antigen wells . A current of 7 mA per slide was applied for 
45 min . After electrophoresis the central trough was filled 
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t emperature in a humidity chamber for the lines to develop 
and then washed repeatedly in normal saline . The slides were 
subsequently stained with 0 . 3% (w/v) amido black in 10% (v/v) 
acetic acid in methanol and destained with acetic acid~methanol . 
To demonstrate non-immunogenic interactions of serum 
proteins with histones, histone solutions were used in place 
of anti-rabbit serum to fill the central troughs and allowed 
to diffuse against the electrophoretically separated serum 
protein fractions. In this case it was riot possible to wash 
excess histone out of · the agar in order to stain the prepara -
tions . The slides were, therefore, photographed directly i n 
a dark field. To distinquish this _technique from immuno-
electrophoresis it will, in subsequent chapters, be called 
electrophoresis diffusion . 
In order to test the diffusibility of the various pro-
tein fractions under the experimental conditions microscope 
slides were covered with 2 ml of 1 . 4% agarose in barbiturate 
acetate buffer or 1% agarose in phosphate buffer (buffers as 
above) . Three evenly spaced 1mm wells were cut into them. 
The wells were filled with histone or albumin solutions as de-
scribed in the text and left for 48 - 72 hours in a humidity 
box at room temperature . The slides were then stained as de-
scribed for immunoelectrophoresis . 
2 . 26 Preparation of gamma globulin a nd gamma globulin fragments. 
Gamma globulin was precipitated from rabbit serwn at 0 . 33 
ammonium sulphate saturation . After addition of the required 
amount of saturated (NH4)2 so4 , the pH was adjusted to 7 . 8 
with. NaOH and the solution stirred for 1 hr . The precipitate 
was c ollected by centrifugation and then washed twice in 0.33 
saturated (NH4 )2 so4 and redissolved in PBS . The precipita-
tion and washing procedure was repeated twice more and the.pre -
c ip i tate finally dissolved in a small volume of PBS and dialyzed 
i n PBS until no trace of sulphate could be detected in the 
d ialysate. The dialyzed solution was passed through a milli-
pore filter and the abs orbance at 280 mu measured ( E2~~ = 14 . 5 
used t o calculate protein content ). Aliquots of the g~a 
globulin solution were stored at - 20°c until used . Single. 
aliquots of gamma glopulin were removed and thawed as required . 
Gamma globuli n was not r efrozen . 
I . . . . 
• 
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Methods used to prepare bivalent F(ab)2 and monova-
lent F(ab)1 fragments of gamma globulin were -mainly adapted 
from -Medgyesi andGergely (1969 ). Gamma globulin was dissolvea 
in 0.2M acetate buffer pH- 4 . 2 and twice crystallized pepsin 
added in the ratio of 1mg per 100mg of gamma globulin . The 
solution was incubated at 37°c in a shaking waterbath 'for 
20 hrs, and.the reaction stopped by adjusting the pH to 7.0 
with NaOH. The solutj_on was clarified by centrifugat ion and 
chromat ographed on a 2 . 5 x 90cm column of Sephadex GlOO, using 
0.075M sodium chloride and 0.075M phosphate buffer pH -7.0 as 
eluant. Samples of partially digested gamma globulin, concen-
trated by Na2So4 precipitation, an~ undigested gamma globulin 
were run on the same column to determine the 
of gamma globulin and the F(ab) 2 fragment. 
ing -the F(ab) 2 fragment was -divided into two 
elution positions 
The peak contai n-
a liquots. One 
was desalted on a Sephadex G25 column and freeze dried . . l.OH 
mercaptoethanol 1-ms added to the other aliquot to give a final 
concentrat ion of O.lM and the s olution was incubated for 45 min 
at 37°c. Two equivalents of iodo-acetic a cid (sodium salt) 
were then added and the solution desalted on a Sephadex G25 
column and freel:e dried. The dried protein was redissolved 
in 0.075M sodium chloride and 0.075:M phospha.te buffer pH 7.0 
and chromat ographed on the Sephad ex . GlOO column as described 
above. The fractions containing reduced F(ab) 1 fragments 
were desalted and freeze dried. 
2.27 Precipitation tests. Precipitation tests were set up in PBS 
or in other buffers as indicated in the text . . Tubes contained. 
a fixed amount of gamma globulin, or gamma globulin fragments 
and varying amounts of histone. The gamma globulin content 
was determined spectrophotometrically usj_ng the fact or 
E2~~ = 14.5 for both gamma globulin and fragments. Tubes 
were i~ubated for 1 hr at 37°c and stored at 4°c for up ~o 10 
days. Turbidometric measurement of the amount of precipitate 
was done · at a wavelength of 436 my in an Eppendorf photometer. 
Alternately the precipitate was collected -by centrifugation w~ 
ed onc_e only in PBS dissolved in O .05N Hydrochloric acid and 
the adsorbance at - 280 mp. measured . In all precipitin tests i 
volving F2a1 , highly purified F2a1 preparations were used 
(Gel 4, Fig. 12). The F2b fraction used was generally a crude 




F2a2 and F3 (Gel 2, Fig. 17) . S6me experiments were done 
with highly purified -F2b (Gel 3, Fig . 4) with comparable re-
sults . The F2a2 _generally used was a partially purified 
fraction s lightly contaminated with F2b and F3 (Gel 2, Fig. 14) . 
A single experiment with hightly purified F2a2 (Gel 4 , Fig.14 ) 
gave similar results. Because of low yields of . highly -puri-
fied F3 (Gel·6, Fig. 21) only a single experiment was done wi th 
the latter fraction. 
2.28 Dissoc i ation a nd gel chromatography of histone/ gamma globulin 
precipitates . Hist one/ gamma precipitates were produced by 
mixing histone and gamma globulin ~n sui table concentrations . 
The precipitates were washed three times in PBS and dissolved 
in 0.01 N HCl (pH 2 . 0) or in 0.01 M acetat e buffer pH 4.0. 
In the l atter case the buffering capacity was very low and a 
few drops of 0.9 N acetic acid were added t o bring the pH back 
to 4 .0 . Somet ime s precipitates dissolved at pH 4 . 0 were still 
slightly opa lescent and were clarified by f iltrat ion through 
a millipore filter. Redissolved precipitates were applied 
to a 1 . 5 x 90 cm column of Sephadex G 100 and eluted with 
ej_ther 0.01 N HCl or 0.01 M-a ce tat e buffer pH 4.0. The eluted 
fractions were analysed spectrophotometrically at 230 · rnp and 
the required fra c t ions pooled , dia lyzed against distilled wate r 
and freeze dried . .The retent ion volume s for gamma globulin 
and histone were determined separately. 
2 . 29 Cutaneous anaphyl ax i s tests . Cutaneous anaphylax i s tests we:re 
done on immunized and non-immunized r abbits . Rabbit s were 
prepa red by removal of the ha ir on their sides with a commercial 
depilatory paste and 2 - 2t ml of a 1% solution of Evans blue 
injected intravenously . 0. 1 ml of histone s olution conta i n-
ing 1 mg/ml of histone were injected intradermally shortly 
after the injection of Evans blue . 
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3 . 00 ISOLATION AND PURIFICATION OF HISTONE FRACTIONS 
3.10 Introduction 
Methods of isolation and purification of histones have 
been investigated by a number of authors (for review see Butler, 
et al., 1968). Total hist one is generally extracted from nucleo 
histone with .acid (for review see Phillips, .1962) but this 
method may be w1necessarily harsh when one wishes to obt a i n 
undenatured material . Gentler methods of i s olation make use 
of high molarity salt solutions to dissociate DNA and histone. 
The dissociated histone is then separated from DNA by ultra-
centrifugation on a cesium chloride .gradient (Huang & Bonner, 
1962) or · by gel filtration (Loeb, 1968). 
Isolation of large .amounts of histone fractions may 
be done by the methods of Johns (1964 , 1967) or of Rasmuss en, 
et al. (1962). The fractions obtained by these methods are 
not homogenous , but the methods do allow a limited number of 
histone fracti ons to be reproducably isola ted. In contrast , 
preparations of earlier workers were of bewildering hetero -. 
geneity (Bonner et a l.,1968). The excellent methods of poly-
acrylamide gel electrophoresis which have been introduced i n 
recent times, notably that of Panyim andChalkley (1969), have 
made possible the accurate identification of histone fractions 
and a more critical evaluation of their purity . I n this work 
the nomenclature used for the histones is that used by Johns 
(1964 , 1967, 1968), but it has sometimes also been necessary 
to refer to or use other systems of nomenclature. 
Histone fractions, obtained by the above methods have 
been further purified on Sephadex columns (Starbuck , Mauritzen, 
Taylor, Saroja & Busch, 1968). These workers separated F2a1 
(GAR), F2a2 (AL) and F3 from an impure preparation . The~for-
mer two fractions were prepared on a preparative scale. 
Fambrough and Bonner (1969) isolated Fraction F2a1 (IV) from 
total histone on a Biogel P60 column. · Fraction F2a1 (IV) 
was eluted as a single peak in preparative amounts . 
More recently, methods of isolating F2b in pure form 
have been reported (Iwai, Ishikawa & Hayashi, ·1970) . Brandt 
(1970), working in this l aborat ory, has developed a method of 
isolating highly purified chicken F3 fraction. The problem 
of isolating pure Fl is more complex. Fl may be isolated in 




apparently pure form by a number of different methods (for 
review see Butler et a l., 1968). More discriminating methods 
have, however, shown that this fractio~ is microheterogeneous 
(Bust in & Cole, 1968; Kinkade & Cole, 1966a , 1966b) . 
. . 
For our invest igations of the immuno and pseudo-
i mmuno react ions of histones it was necessary to i s olate hist one 
fractions of high purity. Methods of isolating . histones witL 
special emphasis on gel filtration procedures were therefore 
investigated . 
3 . 20 Results 
3.21 Electrophoretic pattern of tota l histone. Electrophoretograms 
of total histone isolated by acid extraction were very similar · 
to those described by Panyim and Chalkley (1969 ). The fast-
est moving band was F2a1 which was separated into two major 
bands . A third equally spaced very faint band was , however, 
also present in all our crude histone and purified F2a1 ·pre-
parat ions. F2a2 and F2b ,migrated as single bands. - F3 was 
present as three bands -and Fl as two bands . Some preparations 
of total hist one appeared to conta in very little F3 . Treat -
ment with mercaptoethanol · greatly increased the F3 band, while 
some slower moving minor bands disappeared indicating that F3, 
I 
which contains two cysteine molecules (Fambrough & Bonner,1968 ) 
is present in the oxidized form in some -preparations . A 







Polya crylamide gel electrophoresis of total 
histone. 
3.22 Purification of crude histone fractions . Crude histone frac-
tions prepared as described in Section 2.13 were not homo-
geneous. They were further purified by gel chromatogTaphy on 
Sephadex G 100 or by reprecipitation. 
I . ... 
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Fraction Fl . Fraction Fl prepared by Johns (196 4 ) method 2 
in two separate -experiments was in each ·case cont aminated by 
F2b and small amounts of minor protein.bands. When extracted 
- from nucleoprotein with perchloric ac id (Section 2.13), it was 
minimally contaminated with the major histones but was s ome-
contaminated with minor bands. Electrophoretograms of the 
two preparations are shown in Fig. 2 . 
Fig. 2 
2 3 
Electrophoretograms of 1) TotaJ_ hist one; 
2) Fl prepared a ccording to_Joh~s method 2 
(1964) ; 3) Fl extracted from nucleoprotein 
~ith 5% (w/v} perchloric acid . 
The contaminat ion with Fraction F2b mentioned above 
could not be removed by reprecipitation (Section 2 .14) but was 
separated from fraction Fl on a Sephadex ·G 100 column (Figs . 3 
& 4) , In this figure and in all subsequent figures of -elu-
tion profiles peaks have been designated as A, B, C, etc . 
Fractions which were pooled have been indicated· by dotted lines . 
and the pooled fractions numbered 1, 2, 3, . ... . etc . The frac-
tion Fl obtained from the major peak was free of contaminat ion 
with · other major fractions but still contained small amounts of 
contamination with minor components. Peak C contained frac-
tion F2b with a very slight contamination of F2a2 , Peak A con-
tained material which did not stain with Amido Black after -poly-
acrylamide electrophoresis and had an absorption maximwn 
at 260 rq.u . It is therefore assumed. to be contaminating 











70 90 110 
FRACTION NUMBER 
Fractionation of 122mg of crude Fl dis-
solved in 8 M urea and 0.1 M mercapto-
ethanol in eluting solution on a -5 X 90cm 
column of Sephadex G 100 . Eluted with · 
0. 01 N HCl and O. 2% sodium azide . Flmv 
rate 44rnl/hr, hydrostatic pressure 17cm. 
Fraction volumes 10.5 ml . 
2 3 
Electrophoretograms of· histone fractions 
obtained from the column run shown in 
130 
Fig. 3. 1) Total histone; 2) Fraction 2; 
~) Fraction 3. 




Isolation of fraction Fl from total histone on 
Biogel P-60 is discussed below (Section 3 . 23). 
Fraction F2a1 . Fraction F2a1 was prepared by gel filtration 
of crude fraction -F2~prepared by Johns (1967) method. The 
preparations contained F2a2 and F3 -in addition to the F2a1. An 
example of the fractionation of the latter preparation on 
Sephadex G 100 is shown in Fig . 5 and the polyacrylamide gel 








70 80 90 100 110 
FRACTION NUMBER 
' 
Fractionation of 40mg of crude F2a1 dis-
solved in eluant solution on a 2 . 5 x 95cm 
column of Sephadex G 100, eluted with O.OlN RCl, 
0.02% sodium azide and 0.01 M sodium bisulphite. 
Fiow .rate 22.5 ml/hr , hydrostatic pressure of -
~3 cm. Fraction_ volumes 3.0 ml . 




2 3 4 5 6 7 8 
Electrophoretograms of histone fractions 
obtained fr om the· column run shown in 
Fig. 5, 1) Total histone; 2) Crude 
~2a1 applied to the column; 3) Frac-
tion l; 4 ) Fraction 2; 5) Fraction 3; 
6) Fraction 4; 7) Fraction~; 8 ) Frac-
tion 6. -
Peak A which consists of heavy molecular weight 
material conta ined mainly F2a1 and F3 presumably both in ag -
gregated form. Peaks Band C contained F3 and F2a2 contamin-
ated with F2a1. Only fraction 6 from Peak D conta ins an un-
contaminated protein (F2a1 ). All other fractions were con-
taminated with other ma jor histone component s as shown in 
Fig. 6 . The spreading of histone F2a1 over a wide range of 
molecular weights and the presence of F3 in peaks A and Bin-
dicates a very strong tendency of these proteins to form- ag-
gregates. 
To investigate the effect of urea in disaggregat-
ing histones in order to prepare larger amounts of F2a1, a 
series of experiments was done in which crude F2a1 was dis-
solved in eluting solution only, or in 8 M urea in eluting 
solution 1 hr and 48 hrs before applying the sample to a 
5 x 90 cm column of Sephadex G 100 . The results are shown 
in Figs. 7, 8 & 9 with the corresponding electrophoreto-









70 90 110 130 
FRACTION NUM BER 
Fig. 7 Frac.tionat_ion of 122 mg crude F2a1 · dissolved 
~n eluting so~ution only on a~ x 90cm column 
of Sephadex G' lOO . Eluted with O.OlN HCl, 
·0.02% sodium azide and O.OlM sodium bisulphite. 
Flow .rate 66ml/hr, hydrostatic pressure 17 cm. 





70 90 110 130 
FRACTION NUMBER 
Fractionation of 100mg crude F2a1 dissolved in 
8M. urea in eluting fluid 1hr before applying to 
a 5 x 90cm column of Sephadex GlOO. Eluted 
with O.OlN HCl , 0.02% sodium azide and O.OlM 
sodium bisulphite. Flow rate 90ml/hr, hydro-












70 90 110 130 
FRACTION NUMBER 
Fractionation of 100mg crude F2a1, dissolved 
~n 8M_. urea in eluting fluid 48hrs before _ap-
plying t _o a 5 x 90cm column of Sephadex GlOO. 
Eluted with O.OlN HCl, 0.02% sodium azide and 
O.OlM sodium bisulphite. Flow rate 90ml/hr, 
hydrostatic pressure 27cm. Fraction volumes 10ml. 
B C 
p 
2 3 4 5 2 3 4 
Fig.10 Electrophoretograms of histone fractions obtained 
from .the column runs shown in Figs. 7 (A), 8 (B), 
and 9 (C). A 1) Total histone ; A 2) Fraction l; 
A 3) Fraction 2; A 4) Fraction 3; A 5) Praction 4 ; 
B 1) Total histone; B 2) Fraction l; B 3) Fraction r 
B 4) Fraction 3; C 1) Total histone; C 2) Fraction_ 
C 3) Fraction 2. -
• 
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The 8M urea had a dramatic effect on disaggregating 
the high molecular weight complexed material. · Contamination 
of the early peaks with F2a1 was thus largely avoided. · The -
reason for the decrease of the retention volume for F2a2 could 
not be explained . I t could have been due to a conformational 
change in the F2a2 molecule or may indicate that in addition 
to histone-histone hydrogen bonding, histone-Sephadex hydrogen 
bonding also determines the elution order of histones on Seph-
adex columns . The higher hydrostatic pressure used in the 
later experiments may also have caused an alteration in the 
Sephadex beads . 
·Fractions with a high F2a1 content obtained in the 
experiments described above and in other similar experiments 
were pooled and rechromatographed- on Sephadex G 100. The 
fraction obtained from the major peak, D, contained F2a1 in a 
very pure form - see Figs . 11 &-12 . Peak A again contained 










50 70 90 110 
FRACT IO N NUMBER 
Fig . 11 Fractionation of 65mg partially purif i ed F2a1 4issolved in 8 M urea in eluting solution .on 
a 5 x 90cm column of S~hadex G 100 . Eluted 
with 0. 01 HCl and 0 . 02~ sodium azide . 
Fl ow rate 42ml/ hr , hydrostatic pressure 17cm. 
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2 3 4 
Fig . 12 Electrophoretograms of fract ions obta ined 
from the column run shown in Fig. 11. 
l) Tota l histone ; 2) Fraction l ; 
3) Fraction?; 4) Fraction 3 . 
Not all crude F2a1 preparattons contained high mole -
cular weight complexed histones . Crude · histone fract±on F2a 
prepared 'by Johns method 2 (1964) , contained F3 , F2a2 and F2a1 
which were eluted i n that order from Sephadex -G 100 columns . No 
heavy molecular weight material was found in thes~ preparations . 
Fraction F2a2 . The best -crude preparation of F2a2 was obtained 
by the method of. Johns (1967 ). This fraction was contaminated 
only wi th s ome F3 · and--very small amounts of F2b . The F3 was 
separated from the F2a2 on a 25 x 90cm column of Sephadex G 100 . 
.. 
The maj or peak contained F2a2 which was st ill contaminated with 











Fig. 13 Fractionation of 35mg crude F2a2 dissolved in 
~luting f~uid on a 2.5 x 90c~ column of Sephadex 
GlOO. Elut ed with O.OlN HCl , 0.02% sodium azide 
and O.OlM_sodium bisulphite . Flow . rate 25ml/hr, 
hydrostatic pressure 14cm. Frac~ion volumes 3ml . 




Fig. 14 Electrophoretograms of fractions i s ola't -
ed from the column run shown in Fig. 13. 
t) Total histone; 2) Fraction l. ; 
3) Fraction 2. For cr~de F2a2 applied 
to the column, s e~ Fig.- 16, _gel 2. 
Scaling up of the experiment us ing a 5 x 100cm 
column resulted in poorer res olution, the crude F2a2 was 
eluted as a single somewhat skewed peak. The F3 was , 
nevertheless, mainly concentrat ed in the leading portion 
of the peak (Fig·. 15 & 16) . 
Fraction F2b . Fraction F2b was prepared by Johns (1964) 
method 2. This -fraction -was contaminated with F3 and 
F2a2. The amount of contamination varied in different 
batches of F2b prepared (Fig. 17) . No further purifica~ · 
tion of the -fraction by gel filtration was , however, at-
tempted as it had already been seen that F2a2 cou-ld not be 
separated from F2b on our columns (Fig. 11, 12 , 13 & 14) . 
Crude F2b was purified by reprecipitation as 
described in Section 2.14. An.example of the purification· 
achieved is given in Fig . 17 (gel 5). This method result -
ed in a considerable purification of the F2b component but 
approximately 70% of the starting protein -was lost . A 
small amount of F2b only slightly contaminated with F2a2 
was also obtained from the purification of crude Fl (Figs. 3 
& 4) . 






50 70 90 110 
FRACTION NUMBER 
Fig. 15 Fractionation· of 102mg of crude F2a2 dissolved 
~n eluting fluid and eluted with_O.lN HCl and 
0.02% sodium azide, from a 5cm x 90cm colu.mn of 
Sephadex GlOO . Flow rate 45ml/hr, hydrostatic 
pressure 17 cm. Fraction volwnes 11.5 ml. 
Fig . . 16 
Fig. 17 
2 3 4 
Electrophoretograms of fractions obtained from 
the column run shown in Fig . 15. 1) Total histon 
2) Crude F2a~ applied to_the column; 3) Fraction 
4) Fraction~. --------
2 3 4 5 
Electrophoretograms of crude F2b fractions pre-
pared by Johns (196-4°) method . 1) Total histone; 
F2b preparation _A ; 3) Total histone; 4) F2b pre-
paration B; 5) F2b preparation B after pu~ifica -
tion by reprecipitation. 





Fraction F3. No· attempt was made to produce large amount of 
highly purified F3 . Small amount s of very pure F3 were ob-
tained during the purification of F2a2 (Figs . 13 & · 14 ), and 
- from the chromat ography of total histone on Biogel P 60 
(Figs . 20 & 21). 
3.23 Fractionat ion of total histone on Biogel P 60 columns . The 
fractionation of 53mg of total histone isolated by acid extrac-
tion and dissolved in 8M urea in O.OlN hydrochloric acid on a 
2.5 x 160cm Biogel P 60, 50-100 mesh column is shown in 
Figs . 18 & 19. The resolution was greatly improved when a 
smaller mesh size (100-200 mesh) was used , (Figs . 20 & 21). 
It should be noted -that in Fig . 20, Peak Fis -the mercapto -
ethanol ' peak. As this peak overlaps with the F2a1 peak it is 
clear that F2a1 elutes very close to the total void volume of 






. Fig. 18 
B 
10 90 110 130 150 
FRACTION NUMBER 
Fractionation of 53mg of total histone dis-
~olved 8M urea in eluting fluid on a 2.5 x 160cm 
column of Biogel P 60, 50-100 me sh . Eluted 
with 0.01 N HCl and 0.02% sodium azide . Flow 




2 3 4 5 6 
Fig . 19 · Electrophoretograms of fra ctions obtained from the 
column rw1 shown in Fig . 18 . l)Total histone; 




· 5) ~raction 4 ; 6) ~raction 5 , . 
C 
70 90 110 130 150 
FRACTION NU MBER 
Fractionation of 50mg of tota l histone di ss olved in 
~M urea and O.lM mercaptoethanol in eluting fluid 
on a 2.5 x 170cm column of Biogel P60, 100-200 mesh \ 
Eluted with O. OlN HCl and O. 0 2fo s odium a zide. Flow 
rate 17ml/hr, hydros tatic pressure 60m. Fraction 
volumes 5ml . 
....-a-.:'--
2 3 4 5 6 7-
Electro p ho re tog rams of fractions obtained from the 
column run shown in Fig. 19. l)Total his tone; 
2) Fraction l; 3) F~action 2; 4) Fraction 3; 
5) ~raction 4; 6) ~raction 5; 7) ~raction 6. 
I .... 
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Apart from the difference in mesh size of the Biogel 
preparations, the only significant difference between the runs 
shown in Figs. 18 & 20 was the addition of mercaptoethanol 
when dissolving the sample . The same preparation of crude 
histone was used in both cases. In the run shown in Fig. 20 
where mercaptoethanol was used F2a2, F2b and F3 were eluted 
as distinct fractions in that order. - On the -coarser mesh 
Biogel the three histones eluted as a single peak. Sub-
division of the peak, however, showed that the order of elution 
was reversed, namely F3, F2a2, F2b., i.e. the same order as 
found with Sephadex GlOO columns. In subsequent experiments 
total histone was dissolved in 8M urea (without mercipto-
ethanol) and applied to the same Biogel -P60, 100-200 mesh 
column~ This resulted in the same elution order as when 
crude histone was dissolved in mercaptoethanol solution. The 
difference of the elution order of F3 observed on Sephadex 
and Biogel columns is apparently not due to an oxidation of 
the cysteine containing F3 to a polymer. 
3.30 Discussion · 
Fractionation of histones by the methods of Johns 
(1964 & 1967) provides partially purified histone fractions . 
These fractions can be further purified by gel chromatography 
or by reprecipitation. 
Gel filtration is a useful procedure for the purifi-
cation of histone fractions particularly of Fl and F2a1 . 
These two fractions can be isolated free from contamination 
with other major histone bands on either Sephadex . GlOO or 
Biogel P60 columns. The latter material proved suitable for 
use on long columns because difficulties arising as a result 
of compressing of the gels were not experienced. The mesh 
size of the Biogel preparation is very important and good.frac-
tionation was only achieved when the finer mesh (100-200) mat-
erial was used . This material has already been -used to isola 
F2a1 on a preparative scale by Delange, Fambrough , Smith & 
Bonner ( 1968, 1969 ) . Because Fl- is eluied so far ahead of the 
other histone fractions, Biogel -P60 columns recommend them-
selves for the large scale preparation of this fraction , .pro-
vided that F2a1 aggr~gation and F3 polymerization are prevented 
I . .. . 
ti 
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F2a1 was seen to have a remarkable ability to form 
aggregates and even at pH 2.0 large F2a1 aggregates were found . 
The aggregated high molecular weight ·peaks also contained some 
F3, but this may have been due to the oxidat ion of F3 to form 
polymers·; Aggregation of F2a1 was · only observed in a batch 
of F2a1 prepared by guanidinium chloride extraction of nucleo-
protein at pH 7.0 (Johns, 1967). Other F2a1 preparations did 
not show this characteristic. It is not -~ossible , however, to 
conclude from this single experiment whether the isolat ion 
method influenced the ability of F2a1 to subsequently form 
complexes . 
The F2a1 could be disaggregated by dissolving it in 
8M urea, ·1 hr before applying the sample to the column. 
Starback: et al .,(196 8 ) made similar observations . They dis-
solved histones · in 8M urea and allowed the solution to stand 
for 48 hrs at +4°C. The urea was then removed by dialysis 
before applying the samples to the column. As this procedure 
could lead to the reformation of aggregates during dialysis it 
seemed to us preferable to apply this sample to the colU!Iln in 
the 8M urea solut ion. The urea separates from the proteins as 
they pass down the column. The method has the additional 
practical advantage that the sample can be layered directly on 
top of the gel without first draining the column . The dis -
aggregation of proteins by urea is generally considered to be 
due to replacement of protein-protein hydrogen bonding by 
protein-urea hydrogen bonding (White , Handler & Smith,1964). 
It must therefore be assumed that the aggregation of F2a1 
we have seen in the absence of urea, is mainly due · to ·hydrogen 
bonding. We are unable to explain why this type of aggrega-
tion should only be seen in certain batches of histone and why 
reaggregation of the histone does not take place on the column . . 
It has been suggested that calf thymus F3 histone 
contains two cysteine molecules and on oxidation can therefore 
form a variety of F3 polymers (Fambrough & Bonner , 1968). For 
this reason mercaptoethanol was used in some of our experiments 
t o keep F3 in the reduced monomer form . In the earlier ex -
periments this was only done when it was the object to iso~ate 
Fl , as polymers of oxidized F3 could contaminate the Fl peak . 
Later mercaptoethanol was used to reduce total histone before 
chromatographing it on Biegel columns. In these experiments 
I . ... 
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it was noted tha t the F3 fraction was eluted before the 
F2a2 fraction on Sephadex or on Biogel P 60, 50-100 mesh 
and after F2a2 and F2b on Biogel· P 60, 100-200 mesh . It 
was shown that this -anomaly is not caused by the state of 
oxidation of the cysteine groups in the F3, but most probably 
by differences in the gels. Other workers have also reported 
conflict ing result s about the order of elution of the F3 his -
tone fraction. Starbuck et a l. (1968 ) reported that F3 (ARG) 
was eluted before F2a2 (Al). Similarly , in the elution -pro-
file shown by Fambrough -and Bonner (1969) for the chromat o-
graphy of total histone on Biogel P-60, F2a2, F2b and F3 are 
eluted t?gether as a single peak. ·It must therefore be as -
sumed ~hat F3 was · eluted early - otherwise a distinct F3 peak 
eluting just before the F2a1 peak (see Fig . 19) would be ex -
pected. On the other hand, Phillips and Clarke (1970) reported 
an elution sequence of the histone fractions from both Sephadez 
and Biogel columns which was similar to that shown in Fig . 19. 
The precise reason for the apparently inconsistent behav iour 
of F3 on Biogel and Sephadex columns is not clear. 
It is also interest ing to note that Brandt (1970), 
working in -this .laboratory has ·made use of the- fact that F3 
from chic~en erythrocytes may be oxidized by iodosobenzoate 
to form a dimer . Thus the F3 which could not readily be sep-
arated from contaminating F2a2 was easily isolated as a pure 
dimer by gel chromatography. The dimer could, after isolation, 
again be reduced to the monooer by mercaptoethanol. On the 
other hand, Brandt (1970) found that after ox idat~on of calf 
thymus F3, the bulk-of this fraction behaved as a smaller 
molecule in polyacrylamide gel electrophoresis, and only a 
small amount appeared to form large polymers. This seems to 
indicate that under certain conditions calf thymus F3 can _form 
intra-chain disulphide linkages resulting in a more -compact 
conformation of the molecule. 
In our experiments, the longer Biogel columns were 
superior to the Sephadex columns for preparing pure F2a1 . A 
single run on the Biogel column was sufficient to prepare F2a1 
of high purity whereas using the Sephadex columns, the F2ai 
fraction had to be rechromatographed. In all experiments 




only relatively small amounts :of histones were prepared and 
it is clear that column sizes ·would have to be scaled up 
appreciably before large amounts of histones could be produced . 
Isolation of pure F2b was a problem as crude prepara -
tions of F2b were invariably ·· contaminated with F2a2 and F3. 
F2a2 and F2b could not be separated on Sephadex -columns and 
even on the longer Biogel columns the two _peaks overlapped 
to such an extent that good separation was not possible . F2b 
could, however, be considerably purified by reprecipitation 
but at the expense of a poor yield. Recent publications by 
Iwai et al . (1970), have indicated that large amounts of this 
fraction can -be isolated in a purified form by chromatography 
on carboxy-methyl-cellulose in a formate buffer elutj_ng with a 
decreasing alcohol gradient. 
The harsh methods used in this and other studies for 
the isolation of pure histone fractions (acid extraction, -pre-
cipitation by organic solvents, 8M urea to dissociate com-
plexes and mercaptoethanol to reduce disulphide bond s ) might 
denature proteins-. It is therefore possible that the histone 
fractions as isolated in these studies may not resemble the 
biologically act ive forms . The biologically- active forms may 
even consist of specific complexes of the various histone 
fractions. This study was , however , not primarily concerned 
with the biological functions of histones, but with their 
immunochemical behaviour. It was therefore more important to 
use methods which reproducably yield histone fractions of 
reasonable homogeneity, than to attempt to isolate histones by 
gen"tle methods. 
3.40 Conclusions 
1) Highly purified F2a1 can be prepared by fraction-
ation of crude F2a1 preparations of· Sephadex GlOO 
and rechromatography of the partially purified frac-
tion on the same column. F2a1 of similar purity can 
be prepared by chromat ography of total histone on long 
Biogel P60 columns. Both these methods yield 
F2a1 of such a degree of purity that no contam-
inating bands can be detected when 10 pg is 






submitted to polyacrylamide gel electrophoresis. 
Chromat ography of crude Fl on Sephadex GlOO, and 
chromat ography of total histone on long .Biogel P60 
columns yield Fl uncontaminated by other· maj or 
fractions. The preparations are still, however, 
slightly contaminated with other minor bands 
( see Figs . 2, 4 & 21) . 
F2b and F2a2 could not be adequately separated 
by gel chromatography and the best preparations 
of either of these fractions were s lightly con-
taminated by the other fractions ( e . g . Fig . 4 
& l4). F2b could be considerably purified by 
reprecipitation (Fig . 17). 
4 ) Only small amounts of highly purified F3 were 
prepared on Sephadex GlOO columns (Fig. 14) or 
on long Biogel P-60 c;olumns (Fig . 21 ) 




4.00 INTERACTION OF HISTONES WITH ILL\.BBIT SERUM PROTEINS 
4.10 Introduction 
Immunochemical techniques are generally of great 
value to the protein chemist . It would therefore be expect-
ed that investigators working on ·histones would find these tech-
niques particularly useful. Radioim::nunoas say techniques could 
be used for the rapid determination of the . relative and absolute 
amounts of the different histones in various tissues from a 
variety of animals and plants . Labelled antibodies could con-
ceivably yield valuable information concerning distribution of 
histones in the nucleus. Specific ant ibodies could be used to 
identify isolated proteins, for testing their purity and for the 
isolation of pure histone fractions. In surveying the litera-
ture it is therefore surprising to find -few references to im~ 
munological investigations involving histones . One reason 
for this is that histones are usually regarded as .poor ant igens 
(Bla ck , Ans ley & Mandl, 196'4). Recent investigat ions have 
shown a remarkable similarity of histones isolated from different 
animals and plants (see Section 1). It is therefore possible 
that histones isolated from one species cannot be used to elicit 
an ant ibody response in a heterologous species as they are re-
cognized as "s elf". This problem should not, how·ever, prove 
insurmountable as- it has repeatedly been shown that by the use 
of complete Freunds adjuvant or by coupling non-antigenic sub-
stances to suitable carriers most substances may be rendered 
antigenic (for a review of the techniques used see Williams & 
Chase _, 1967) . 
Some immunological investigations on histone s have 
been reported . Rumpke and Sluyser (1966) produced anti-
histone anti-sera by injecting rabbits with histone fractions 
prepared by a modified Johns (1964) method. The method in-
cluded a step of heating the histones to 80°c for 5 min . The 
antisera showed specificity for homol ogous histone fractions i n 
immunodiffusion and immunoelectrophoresis tests. More recently 
Sluyser, Rumpke and Hekman (1969) used an anti-lysine rich his-
tone serum to show that the -lysine-rich fractions from various 
rat tissues and the Fl histone of calf thymus a re immunologica lly 
indistinguisable. In this study the authors found that one of 




fact due to a non-histone protein contaminating their histone 
preparation. They made the followi~g interesting statement. 
"The finding that histone very rich in lysine forms a precipi-
-tin line with antiserum at pH 6.6 and not at pH higher than 
6.6 is of interest. It is a warning that in studies on the 
antigenicity of histones one should ·pay close regard to the 
possible effec~s of pH on the formation of antigen-antibody com-
plex. If this point is disregarded there is the danger that 
the precipi tin lines ore observes between his tone preparation and 
antiserum are due to non-histone protein contaminating these 
preparations." Fukawaza and Shimura (1968) claimed to have 
produced antibody -against silk gland histones from silkworms 
but fail~d to produce anti-calf thymus histone antibodies . 
The anti - silk gland histone serum did not cross react with 
calf thymus histones. 
Sandberg, Liss and Stollar (1967) and Sandberg and 
Stollar (1968) induced antibodies to poly-L-lysine covalently 
linked to phophorylated bovine serum albumin. .Antisera to 
total histone covalently bound to human serum albumin did not, 
however, react directly with histones but only with histone-
human serum albumin complexes. This reaction could be inhibit-
ed with histones. Antisera to non-covalently linked polylysine-
phosphoralated bovine serum albumin cross reacted with histones. 
In these experiments the complement fixation test was used to 
measure antibody activity. More recently Stollar and Ward (1970 
have used histone nucleic acid complexes to induce antibody for-
mation in rabbits. Antisera which showed specificity in a com-
plement fixation tests for fractions Fl, F2a1, F2a2 and F2b were 
produced. The antisera were specific for homologous antigen at 
high dilution but cross reactions occurred with other histone 
antigens at higher serum concentrations . Anti-sera agains~ F3 
showed little specificity . The antisera were used as specific 
reagents for the identification of histone fractions in fraction-
ation experiments. Using these antisera in complement fixation 
tests it was also shown that histone fractions from human, calf, 
chicken, frog and lobster tissues we~e immunologically similar. 
In view of our findings the following statement made by the .au-
thors is of particular interest. "Normal rabbit serum diluted 





histones. On the other hand double diffusion precipitin i n 
gels could not be used i!l ·these studies because at the higher 
concentrations of r _eagents required there was non - specific pre-
-cipi tation of h i st ones wi th normal serum proteins ". Similarly , 
Black, Lillick and Chabon (1962) stated that "In the course of 
a study of antihi st one ant ibodies we were bes et by the difficulty 
of distinguishing between precipitation cause·d by specif ic pre-
cipitins and non- specific protein protein interactions between 
histones and a variety of proteins ". 
In ad&it ion to the reports on induced ant i-hist one 
antibodies there have been some publications on the occurrence 
of anti-histone ant ibodi es in systemic lupus erythematosis (SLE) 
sera . SLE i s believed to be an auto-immune disease i n which 
antibodies are formed aga inst nuclear components (MacKay and 
Burnett , 1963 ). SLE sera do not usually react with free his -
tone but in s o~e cases this has been reported (Holman , Deicher 
& Kunkel , 1959; Stollar , 1969 ). Some of the -ant igens in-
, 
· volved in these reactions werei however, periodate sensitive 
( i ndicat ing that they do contain carbohydrates ) and as the his --
tone ant igens were prepared by methods known to give rather i m-
pure histones these results cannot be unreservedly accepted. 
To investigat e the possibility of using i mmunochemi cal 
techniques in the study of histones, we initially used s i milar 
methods to those of Rumpke and .{Huyser (1966). It was found, 
however, that histones reacted non-specifically with serum pro-
teins and a more detailed study of these reactions was under-
taken. Apart from the brief mention of non-specific precipita -
tion iuoted above no report of investigations into the problem 
of non-specific precipitation of serum proteins by histones 
could be found in the lit erature. 
' In general reports on non-specific precipitation of 
serum proteins which may be confus ed with specific antibody 
antigen reactions are rare . Kabat and Mayer (1961 ) have men-
tioned the fact that non-specific precipitation or inhibition 
may · occur if the salt concentration is not near 0.15M. They 
also mentioned non-specif ic precipitation of gamma globulin and 
albumin by polyhaptenic dyes and the precipitat ion by nucleic 
acids of equine anti-pneumococcal serum . Another dye which i s 





known to precipitate all serum proteins except gamma globulin 
i s Rivanol (Horej s i and Smetana, 1956). 
A protein which interacts with gamma globulin is pro-
tein A from Staph;{lococcus aureus . This protein reacts with 
the Fe part of gamma globulin (Forsgren & Sjoquist, 1966, 1967, 
l968 ). The i nt eract ion gives -rise to a ty~ical precipitation 
curve (Forsgren & Sj oquist, 1966), precipitation in agar gel 
(Forsgren & Sjoquist, 1966, 1967) , causes local and systemic 
reactions resembling anaphylaxis in non-immunized guinea pigs 
(Gustafson, Stalenheim, Forsgren & Sjoquist, 1968) and seems 
to have the ab ility to interact with gamma globulin in a manner 
which promotes complement fixation (Sjoquist & Stalenheim, 1969). 
Another protein concanavaiin A the phytohaemagglutin 
of the jack bean precipitates with a variety of polysaccharides 
and with glyc oproteins (Goldstein , So, Yang & Callies , 1969) . 
Although this protein did not precipitate 7S ··gamma globulin i t 
did precipitate purified monoclonal lgM. 
In subsequent chapters of this report investigations 
of the interact ion of histones with acidic serum proteins and 
with gamma globul~n will be reported. 
4.20 Results 
4 .21 I mmunodiffus ion tests . Immunodiffus ion tests with crude his-
tone and histone fractions us ed as antigens against sera of L~-
munized rabbits re s ulted in t he formation of a number of pre-
cipitin lines . Indeed in some experiments with particular sera 
and especially when higher concentrations of histone antigens 
were used a bewildering number of lines was seen. Sera from 
non-vaccinat ed rabbits, however, also gave ris e to a . number of 
precipitin lines. Fig. 22 shows the precipit in lines which · 
developed with sera from an immunized and a non-immunized r abb i t . 
It must be emphasized, however, that many immunized rabbit s did 
not develop sera which showed the variety of precipitin lines 
seen in this example. Because precipitin lines very often 
developed slowly all plates were kept for 10 to 14 days. Some 
precipitation occurred in the gels in the form of fairly broad 
diffuse bands whereas other lines were more typical and sharply . 
defined with sera from both i mmunized and non-immunized rabbits. 
A number of heavy precipitin lines were constantly pr esent very 
close to the antigen wells containing F2a2 , F2b, F3 or crude 





histone . In addition precipitation often took place within 
the antigen wells particula rly with F2a1 and F3 . This type 
of precipitation was no{ seen to occur with Fl (Fig~ 22) . 
These results indicated that seruJU proteins precipitate hist one 
non- specifically. Heavy non-specific precipitation also occur~ 
on mixing sera from non-immunized r abb i ts with total histone 
solution . 
In our experiments no sera from i mmuni zed or non-
immunized rabbits reacted in the C.F . test against the antigens 
F2a1, F2a2 , F2b or F3 . Low positive t~tres (1/2 - 1/32 ) were 
ebtained against Fl -antigen in sera from some -rabbits · i mmi.:mized 
with total histone or with fra ction- Fl . Sera from two r abbits 
i mmuni zed with crude hist one and sera from -- non-immunized contro 
did not show titres . In all cases the optimal antigen dilutio-
proved to be in the region of 3 , 9 - 7. 8 J,J.g/ml. These findings 
are in agreement with the observation that · ·gamma globulin from 
immunized rabbits gives a distinct precipitin line with Fl but 
not with other histone antigens (Sect ion 5.11). In our-hands 
antibody was theref ore only formed against the Fl fraction . 
A B 
Histone/ rabbit serum i mmunodiffusion tests . Ce~1-
tral wells filled with : A) Ui1diluted serum from a~-
i mmunized rabbit and B) Undilut ed serum fr_om a non-
immunized rabbit . From the marked well s in an_antl; 
clockwise direction the antigen wells conta in ' ? mg/ 
total histone , 1 . 5 mg/ ml Fl, 1 . 5 mg/ ml F2a1 , · 
1 .5 mg/ ml F2a2 , 1 . 5 mg/ml F2b and 1 . 5 mg/ml F3 . 
4 . 22 Adsorption of serum p~oteins with bistone polyffiers . To ident~ 
t he serum protein fracti ons responsib l e f or these observations 
t otal histone polymer was used t o ads orb sera of i mmunized and. 
non - immuniz ed rabbits . 100 mg of polymer was used to adsorb 
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polymer to adsorb 5 ml of serum from non-immunized rabbits. 
After discharging the adsorbed protein, dialyzing against 
distilled water and freeze drying, it was found that 13.7 OD 
uni ts ( ~ = 280 np) of soiuble protein was recovered from the 
serum ef the immunized rabbits. An almost equivalent amount 
per unit volume of serum (7.1 OD units) was recovered from the 
serum of non-.immunized rabbi ts. The adsorbed protein corres-
ponded to only ab out 0.02% of the total protein subjected to 
adsorption. In two further experiments with serum from non-
immunized rabbits similar results were obtained. I t was also 
shown that a second adsorption. of--the serum sample by the same 
amount of polymer removed- a similar _amount of protein . It 
therefore seems that the amount of protein removed is limited 
by the number of polymer binding sites available. In all cases 
the adsorbed material had a typical protein spectrum in the 
ultraviolet region. 
4.23 Identification of adsorbed protein5. The adsorbed protein was 
:subjected to cellulose acetate and polyacrylamide gel electro-
phoresis . Cellulose acetate electrophoresis showed the pre-
sence of albumin and alpha and beta globulin but little gamma 
globulin. Polyacrylamide gel electrophoresis showed that the 
• 
adsorbed material cons isted of albumin and at least 6 other pro-
tein bands (Fig. 23) . 
Fig. 23 
2 3 
Polya crylamide gel electrophoresis of 
1) Rabbit serum; 2) Ammonium ·sulphate 
precipitated gamma globulin; 3) Proteins 
adsorbed £rom rabbit serum with a total 
histone polymer . 
Immunoelectrophoresis of the adsorbed proteins 








Fig. 24 Immunoelectrophoresis of rabbj_t serum (top) 
and proteins adsorbed fr om rabbit serum 
with a total histone polymer (bottom) . . 
Antiserllill trough _filled with ?heep anti-
rabbit serum. 
· The interaction of histones with serum proteins, and 
purified rabbit serum a lbumin-l<- was demonstrated using the elec-
trophoresis diffusion technique (section 2.25). The histone 
precipitated heavily with albumin and to a lesser extent with 
other acidic serum proteins (Fig . 25B) . The interes ting ob-
servation was als o made that-washing in water greatly increased 
the amount of precipitatio~ (Fig. 21JC) . The reverse experiment 
in which total histone was sttbjected to electrophoresis and 
rabbit serum used in the central trough was not successful as 
histones cannot be separated satisfactorily at pH 8 . 2 . 
Tpe observat ion that histone diffused poorly into and 
pouµd to agarose p:rompt,ed further i_nvestigation of the diffusion 
of his tones into a.garose gels ( see Section 2 . 25). Fig . 26 sho~-; 
the diffusion of histones into -agarose gel at pH 8.2 -after 48 
hours. Only histone Fl diffused reasonably well into the gels 
whereas F-2a1 and F3 failed almost completely to diffuse into the 
gels~ F3 precipitated heavily in the well . In 6omparison 
various concentrations of rabbit albumin diffused well . Washi 
of the gels in water could remove most of the albumin but did 
not appear to remove any histone from the gels . The picture 
was essentially similar when a gel of pH 7 .1 was used . 
* ·Purified serum albumin was obtained from Mann Resea rch 
Laboratories Inc . New York . 










Electrophoresis diffusion of a serum/histone 
system. A) Upper· well contains whole rabbit 
serum, lower well 30 mg/ml rabbit albumin , 
central trough not filled, stained with amido 
black . B) Same as.A) but central trough filled 
with 20 mg/ ml total histone solution (unstained 
preparation) . C) Same as B) but washed f or 
2 hours in.flowing water. -
Fig. 26 Demonstration of diffusion of histones and 
rabbit serum albumin into agaros.e gels . 
Top slide :· Well 1, 7 mg/ml total histone, 
wells 2 & 3, 1.5 mg/ml Fl and F2a1 . Middle 
slide: W~lls 1, 2 & 3, _1 . 5 mg/ml of F2a2·, 
F2b and F3. Lower slide: Wells 1, 2 & 3 
~abbit s~rum albumin, 10 mg/ml, 5 mg/ml and 





The experiments described in this section make it 
clear that histones interact non- specifically with serum 
proteins . Protein from serum of non-immunized rabbits pre -
cipitated heavily when mixed with histones. In immunodiffu-
sion tests against total histone or histone fractions a number 
of precipitin lines which occur in the region of the antigen 
(histone well s ) was consistently noted when either serum from 
immunized or non-immunized r abbits was used, (Fig . 22) . 
I n all cases these lines did :r:iot develop against Fl and were 
generally als o not seen agains t F2a1. In the latter case , 
however~ there was irtvariably heavy precipitin within the 
well its elf. The fact that these precipitin lines develop 
so near to the antigen wells can be readily explained by the 
observation that histone fractions, with the exception of Fl, 
do not diffuse well into the agarose gels (Fig . 26). This 
failure to diffuse into the gels is probably due to the · pro-
perty of the histones t o form large complexes at higher pH . 
( see Section 3 . 22) . It is also i nterest ing t o note that F3 
and F2a1 were the fractions which tend t o form l arge co~plaxes 
~ost -readily at pH 2.0 and that they hardly diffused into the 
gels at all . When the histones did diffuse into the gels 
they apparently bound t o the agarose . This seems to indicate 
that the agaros e preparations we used , still contained nega-
tively charged groups which bound the positively charged his -
tones electrostatically . 
Apart from the heavy non- specific precip~tin lines 
descr~bed above a number of lines developed further away from 
the antigen wells . These precipitin lines occurred wi th sera 
of both immunized and · non- immur..ized rabbits (Fig. 22) . In 
the case of one immunized rabbit a large number of these lines 
were s een and s ome of these lines clearly crossed each other. 
It ·was therefore tempting to speculate that some of the lines 
may have been heterologous antigen antibody precipitin lines . 
I t must, however , be stressed that if any serum fraction can 
precipitate histones it i s-probable that -the precipitin lines 
formed between this serum protein and two different historie 
fractions, in adjacent wells, would cross ea ch other. Cross -
ing precipitin lines do not necessarily indicate that the re -
action involved is one between anti-body and antigen . 




Adsorption of rabbit serum with total histone poly-
mer showed that similar amounts of protein were adsorbed from 
serum of immunized and non-immunized rabbits. Characteriza-
- tion of the adsorbed proteins by electrophoresis and immuno-
electrophoresis indicated that only the acidic proteins inter-
acted with histones (Figs. 23 & 24). Because the histones, 
being very basic proteins (isoelectric point about 10), are 
positively charged at the pH range in which these experiments 
were done, it is likely that the interactions with negatively 
charged acidic proteins are e~ectrostatic in nature. Further 
support for this view is provided by the fact that the adsorbed 
proteins _are readily discharged from the histone polymer at low 
pH. Tpe interaction between albumin and histone was, further-
more, observed to increase greatly when the slides were washed 
in running tap water . The most likely explanation for this 
phenomenon i s that it was due to the reduction of the ionic 
strength of the buffer . Reduced ionic strength would lead to 
increased electrostatic interaction in the same ~y as would 
occur on an ion exchange column. 
Immunodiffus ion and C.F. tests indicated that a speci-
fic antibody was. formed by some-immunized rabbits against Fl. 
In view of some of our later findings (see Section 5 . 20) and 
observations by Sluyser, Rum.pke and Hekman (1969) that their 
Fl histone was contaminated by an antigenic -contaminant, it is 
questionable whether this is a true immunological reaction be-
tween anti-Fl antibodies and Fl . These experiments have 
therefore failed to produce clear evidence of any anti-histone 
antibodies being produced in response to histone . They have , 
however , provided good evidence that non-specific precipitation 
occurs between histones and acidic serum proteins. 
action is apparently of an electrostatic nature . 
The inter-
The non-specific interaction between histones and 
serum proteins immediately places a severe limitation on the 
usefulness of j..mmunological methods in studying histones . 
All investigations which use whole serum as a source of anti -
bodies must immediately be viewed with suspicion as the inter-
action may be between histone and albumin or other acidic serum 
proteins. In this respect the findings of Sluyser , Rumpke 
and Hekman (1969 ) must be questioned, especially in view of 
the fact that no mention is made in their reports of the use 







In the studies reported in this s ection no interac tion 
between histones and gamma globulin (iso-electric point ne2.r 
7.0) was observed~ It was therefore hoped tha t by using 
purified gamma globulin prepar a tions , the existence or non-
existence of histone antibodies could be proved without int er -
ference of non- specific precipitations. _In the investigat ions 
reported subsequently ammonium sulphate precipitated gamma 





5 . 00 I NTER.A.CT ION OF HISTONES WITH GAMMA GLOBULIN 
5 . lO Res ult s 
5 . ll Immunodiffusion tests . Immunodiffusion test s against gamma 
globulin preparations did ·not show the multiplicity of pre -
cipitin lines that were seen when whole s erum was used. Some 
precipitat ion did, however, occur with gamma globulin from both 
i mmunized and non-immunized r abb its. A diffuse precipitate 
generally f ormed at a posit ion intermed i ate between antibody 
well and either the F2b ant igen well or the total histone antige: 
well . Light precipitation was also.sometimes seen clos e t o the 
antigen ,wells conta ining F3 a.nd F2a2 . In contrast a sharp pre-
cipi tin line formed between the Fl ant igen well and the gamma 
globulin well from immunized rabbits but not from non-immunized 
rabbits . This line joined a line which formed between the 
gamma globulin well and the t otal histone well , when Fl and 
total histone were in adj a cent ant i gen wells (Fig . 27). This 
observation was demonstrated with two different preparat ions of 
M 
tota l am,_onium sul phate precipitated gamma globulin and three 
preparations of gamma globulin ads orbed by a total histone poly-
mer as described in Section 5 .12 . 
Fig. 27 Start ing from the top and proceeding in 
a clockwi se direction the outer wells 
conta ined 7 mg/ ml t otal ·histone, 1.5 mg/ml 
Fl, 1.5 mg/ml F2a2, 1.5 mg/ml F2b and 
1.5 mg/ml F3 . _ The cent ra~ well conta ined 
gamma glob~lin from pooled sera of im-
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5 . 12 Adsorption of gamma globulin with histone polymers . To iso-
late the gamma globulin population which interacts with histones 
ammonium sulphate precipitated gamma globulin was adsorbed onto 
histone polymers and subsequently displaced at low pH . The 
results of experiments involving the adsorption of gamma globu-
lin preparations by total histone or Fl polymers are summarizei 
in Table 2 . It can be seen that gamma globulin was regu1arly 
adsorbed by total histone polymer from gamma globulin of both 
immunized and non-immunized rabbits. In contrast only traces 
of gamma globulin were adsorbed by the Fl polymer . After dis -
charging the adsorbed protein from the polymer in Exp . 2, the 
same polymer was again used to adsorb the gamma globulin a 
second time . In the second adsorption 15 . l mg and 1 . 9 mg of 
protein . were adsorbed from gamma gl.obulin prepar ations from 
immunized and non-immunized rabbits respectively . Considerir..g 
that some loss of polymer occurred during the extensive washing 
procedures these results seem to indicate that a second adsorp-
tion adsorbs a similar amount of protein to the first . 
Table 2 Adsorption of gamma globulin from purified 
gamma globulin preparations with insoluble 
· histone polymers. 
; 
mg ad-Exp Gamma glob. mg gamma polymer mg pH poly- ~orbed no . :source globulin type mer Protein 
' 1 immunized 50 7.3 total 25 3 . 21 
rabbit histone . 
2 irp.rnunized 900 7 .3 total 300 19 .3 
rabbit histone 
2 rn.on-immun- 165 7 .3 t otal 50 2.9 
ized rabbits hi stone 
3 immunized 108 6 . 2 Fl 150 0 .63 
rabbits -
3 non- immun- 54 6 . 2 Fl 75 0 . 22 
ized rabbits -
4 immunized 108 6.2 t otal 150 6 .07 
rabbits h i stone 
4 :non- immun- 54 6 . 2 t otal 75 1 .77 
i zed rabbits histone 
5 immunized . 108 7 .3 Fl 150 0.2 9 
rabbits -
5 :non- immun- 54 7 .3 Fl 75 0.05 
i zed rabbits -
. . 
mg prote ir 
adsorbeqt. 
polymer 
0 . 128 
0 . 064 
















5.13 Characterization of adsorbed prote i n . Protein adsorbed in 
Exps . 1, 2 & 4 was used in the ~11I11unodiffusion tests already 
de s cribed (Section 5.il).- In addition the protein from Exp . 2 
· was used to set up a precipitin test against Fl, but only minute 
amounts of precipitation occurred. The protein adsorbed in 
Exps. 2 & 4 was further cha r a cterized by cellulos e acetate and 
polya crylamid·e gel electrophore s is and immunoelectrophoresis . 
Th e results of these experiments are shown in Figs . 28 , 29 & 
30. It is clear that the adsorbed protein was gaffiffia globulin 
and that the most acidic part of the gamma globulin fraction 
had been preferentially adsorbed. 
· Ads orbed gamma globulin from Exp . 2 was also exami ned 
by electrophoresis diffusion . Adsorbed protein and ammonium 
sulphate precipitated gamma globulin were submitted to electro -
phor e s is and the central troughs filled with either a s olut ion 
containing 1 . 5 mg/ml of Fl or with ant i-rabbit gamma globulin 
serum (Hoechst ). When th~ central troughs were filled with 
Fl precipi tin lines developed with gamma globulj_n and polymer 
adsorbed protein from both i mmunized and non-immunized rabbits . 
The s e line s corresponded to the acidic part of the gamma globu-
lin line. 
5.14 Prec ipitation tests . In precipitation tests F2a1 , F2a2, F2b 
and F3 all precipitated -gamma globulin and a precipitation -
curve, with an equivalence point, superficially s imilar to an 
11 immuno-precipitin curve" was seen .. The various histone 
frac t ions were , however, -not all equally reactive . Precipita -
tion was heav iest with F2a1 followed by F3, F2b and F2a2 , in 
that order . The precipitation curve obtained with F2a2 was 
very shallow and as can be seen a large excess of histo:ne i s 
required before the complexes again became s oluble. Simila r 
results were again obtained with gamma globulin from immunized 
and non-immunized rabbits . Although precipitation occurred al-
most · immediat ely on mixing, the amount of precipitate increa sed 
slowly with time f or a period of at least 10 days. As the pre-
cipitation increased the tube in which maximum precipitation 
occurred shifted steadily to the right i.e. to a tube containing 
higher concentrations of histone. Typical precipitation curves 
are shown in Figs. 31 - 34. 
I . ... 
If 






B ' -· 
Microdensitometer tracing of cellulos e 
acetate electrophoresis strips . A)Slight -
ly haemolyzed r abbit serum B)Ammoniurn 
sulphate precipita ted rabbit gamma globulin . 
C) Protein ads orbed ont o t otal histone poly -
mer from gamma globuli~ preparation shown 
in B. 
2 3 4 5 
Polyacrylamide gel electrophores i s i n 
0. 37 M Tris / glycine buffer pH 9 . 5 of 
1) . Rabbit serum, 2 ) & 3) Ammon i um sul-
phate precipitate~ gamma globulin from 
pooled serum of immunized and non-
i mmunized r abbits , 4) & 5) Gamma globulin 
adsorbed· onto total histone polymer from 
the gamma globulin preparations shown in 
2) & 3) . 








Immunoelectrophoresis of rabbit s erum 
(top) and gamma globulin adsorbed onto 
total h i s tone polymer ~elow) . . The centra l 
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mg~ 
F2b/ gamma globulin prec.ipi tat ion curves 
~ith A) gamma globulin from immuni zed 
rabbits and B) gamma globulin fr om non-
immunized rabbits. Each tube contains 
2.7 ml of gamma globulin (total vol. 2 ml). 
'> o , • • and Q a re -
pres ent turbidometric measurement of the 
precipitate on days 3, 7 and 10 respec -
tively . 


























F2a1/ gamma globulin precipitation curves 
1[ith __ A)gamma globulin from immunized rabbits 
·and B)gamma globulin from non-immunized 
rabbit s . Each tube contains 2 . 7 mg qf gamma 
globulin (total VOl . 2 ml ) 0 0 ,11 IC 
and a a represent lurbidometric measure -
ment of the precipitate on days 1, 6 and 10 
respectively . 
A B 
0·5 1·0 0·5 1·0 
F3/gamma globulin precipitat ion curves wi th 
~)gamma globulin from immunized rabbits and 
b)gamma globulin from non-immunized rabbits. 
Ea ch .tube contains 2 . 7mg of gamma globuli n (total 
vol. 1. 5ml ) . o o , ,. =- and c, -a represer_ 
turbidometric measurement of the precipitate on da~ 
1, 6 and 10 respectively . 















F2a2/gamma globulin precipitation curves 
v~i th A) gamma globulin from immunized 
r abbits and B) gamma globulin from non-
immunized rabbits . Each tube contains 
2.7 mg of gamma globulin (total voJ . 2 ml). 
2 
o o , and o a re -
present turbidometric measurement of the 
precipitate on days 1, 6 and 10 respectively . 
It was necessary to confirm that the differences 
in turbidometric measurement did reflect the amount.of 
protein precipitated and were not merely due to different 
physica l characteristics of the precipitates. The optical 
density at 280 mp of washed and redissolved precipitates 
was therefore measured as described in Methods . The re-
results are shown in Table 3 . 
It can be seen that the results are in genera l agree -
ment with the findings using the simpler turbidometric method . 
With the exception of F2a1 the absorbance of the total pre-
cipitate was less than -that of the histone added in the tubes 
at equivalence point . It is therefore clea r that only a 
fraction of the histone in the tubes is actually present in the 
precipitate. These results indicated that either part of the 





the reaction i s reversible . The l atte r view i s supported 
by the following finding : when a F2a2/garnma globulin pre -
cipitate was suspended in PBS and incubated at 37°c for 60 min 
approximately 12%· of the protein redissolved. Incubation for 
another hour did , not increas e the amount of protein that re -· 
dissolved. 
Table 3 . Precipitat ion of gamma globulin by histone fractions. 
Histone OD uni ts of OD units of OD uni ts of 
Fraction gamma globulin histone added pl':'ecipitat e added 
. 
1.98 0.10 0.35 
F2a1 1.98 0.20 0 .·52 1.98 0.4 0 O . 69 
. 1.98 0. 60 0.90 
1 . 98 ' 0.13 0.18 
F2b 1 . 98 0 .2 5 0 . ·26 1 . 98 0. 50 0,34 
1 . 98 0.75 0.25 
1.98 0.09 0.19 
F2a2 
1.98 0.18 0. 23 
i.98 0.37 0.23 
. 1.98 0.55 0.21 
5,15 Effect of pH and ionic strength on precipitati on. The effec+ 
of varying the ionic strength and the pH on the precipitation 
of gamma globulin by histones can be seen in Fig . 35 and 36 . 
There was a slight increas e in precipitation with 
decreasing ionic strength but the amount of precipitate was 
greatly decreased in water. Addition of small amounts of salt 
solution to the distilled water tube resulted in a rapid in-
crease in precipitation. Precipitation increas ed withihcrea~ 
pH between pH 5 ,0 and pH 7,0 and remained constant between 











0·15 O•O 5 0-015 Water 
PB S MOLAR I TY 
Fig . 35 Precipitation of 2.7 mg gamma globulin by 
1 . 0 mg F2a1 at different ionic strengths . 
All mea~urements were taken 72 hrs after 






5·0 6-0 7·0 8·0 9'0 
. rui 
Fig. 36 Precipita tion of 2 . 7 mg gamma globulin by 
1 . 0 mg F2a1 at varying pH . Tests were set 
up in 0 ~075 M phosphate buffer and 0 .075 M 
sodium chloride . The pH recorded is the 
final pH of the solution after the addition 
of protein . All measurements were taken 






5.16 Electrophoresis of histone/gam!l1a globulin precipitates. Sim-
ilar to antibody/antigen complexes gamma globulin/histone pTe-
cipitates are re~dily dissolved at low pH. Precipitates re-
dissolved in 0.9N ·acetic acid and 8M urea were submitted to 
polyacrylamide gel electrophoresis (Section 2.16). The his-
tone and the gamma globulin could be separated and a band with 
the mobility_ of gamma globulin and a band with the mobility of 
histone i dentified . In addition to these bands a considerable 
amount of degraded protein was sometimes seen particularly in 
older precipitates (Fig. 37). In some cases the_ degraded pro-
tein was obviously degraded histone as in the case of F2a1 
shown in Fig. 37. In this case th~ee evenly spaced bands 
(two distinct and one faint) are seen just ahead of three sim-
ilar bands of F2a1. The faster moving material is obviously 
F2a1 from which a small terminal peptide has been remo;ved. 
In othBr cases, where more extensive degradation has occurred 
(Fig. 37, gels 4 & 5) part of the degraded protein could be 
degraded gamma globulin. In these cases a considerable amount 
of gamma globulin has been reduced and dissociated to Hand L 
chains. This can be seen by the increase in the two bands 
which migrate ahead of gamma globulin in the same position as 
H & L bands . 
Fig. 37 
-
Polyacrylarnide gel electrophoresis in 0.9N 
acetic acid and 2.5M urea ·of 1) Total histone; 
2) F2a1/gamma globulin precipitate; 3) Total 
his~one; 4) F2a2/gamma globulin precipitate; 
5) F2b/gamma globulin precipitate . 





The question of whether immunization of r abbits with 
histones stimulated any anti-histone ant ibody f ormatj_on mus t 
rema in open. Although the immunodiffus ion tests and C. F . 
tests appeared to indicate that specific ant i-Fl antibody had 
been produced (Fig . 27), other evidence i ndicat ed that this 
may not have been so. The failure to ads orb a signif icant 
amount of gamma globulin -on Fl polymers and the negative re-
sult s in precipitin tests with both total gamma globulin or 
gamma globulin which had been adsorbed by a total histone 
polymer indicated a l ack of specific antibody. The frecip i-
tin line ob s erved may therefore be -due to a small contamina-
t i ~n of the Fl with an ant i genic substance. I n thi s respect 
the work of Rumpke, Sluyser and Hekman (1969), who fo ur,_d their 
rat liver Fl histone to be contaminat ed -with an antigenic con-
aminant, may be significant. 
Histone polyme r s ads orbed the mos t acidic part of 
the gamma globulin complex . This indicated that histones 
probably rea ct with the F(ab) part of the ga.m..ma globulin mole-
cule as this is the variable region of the molecule which may 
contain additional acidic amino acid residues. 
The Fl fraction did not readily precipitate gamma 
globulin in solution in PBS or in agar gels at pH 7 . 1 . 
Precipitation did , however,. occur in agar gels on i mmunoelect ro· 
phoresis slides at pH 8 . 2 indicating that under the · right con-
ditions gamma globulin can also be precipitated by Fl. The 
other hist one fracti ons readily precipitated ga.IIl.!Ila globulin i n 
s olution (Figs . 31 - 34). The results reported in this chap-
t er i ndicate that histone links gamma globu_lin molecules in the 
f orm of a lattice in a similar way to that envisaged fer an 
antibody antigen reaction . In a true antibody antigen reac -
tion the reaction is thermodynamically of such a nature that 
the. reaction proceeds virtually to completion . According to 
our observations , however , the reaction , gamma globulin+ 
histone ~ precipitate , seems t o proceed only partially to the 
r ight . This is indicated by the fa c t that only part of the 
hist one in s olution is precipitated, even at the equiva lence 
point and that washed precipitate redissolved partly when in-
c ubated in PBS . An alternative reas on for t~e participation 
of only part of th·e histone could be that some of the gamma 





globulin molecules might, in analogy to non-precipitating 
antibody, only be able to bind a single histone molecule. 
In the case of histone/gamma globulin interactions 
the position is probably complicated because one is dealing 
with the whole spectrum of gamma globulin molecules. It is 
therefore possible that the above mentioned factors act to-
gether in a complex fashion. In addition it can be envisaged 
that different gamma globulin molecules contain varying nu::n-
bers of negatively charged groups which ih turn could have 
different binding affinities for the rea ctive sites on the 
histones. Under conditions of our tests maxima l precipita-
tion occurs when histone is present . in a considerable molar 
excess. It is, however, probable that at this pH the histone 
is in an aggregated form of unknown effective molecular size. 
The gradual shift of the point at which maximum 
precipitation occurs may be a function of the degradation and 
aggregation of histones. It has been mentioned that in some 
cases a considerable amount -of degradation of protein occurs 
during the experiment. Aggregation and degradation of histone 
could lead to the loss of functional histone molecules thus 
causing the apparent shift to the right. The steady increase 
in the amount of precipitate is probably due to the gradual 
re-arrangment of the lattice into the most favourable position. 
Work presented in the chapter indicates that the 
interaction between histone and gamma globulin is due to non-
specific electrostatic interaction. Further experiments re-
ported in Section 6 were designed to establish conclusively 
whether the precipitation of histones could be due to the 
t presence of natlally occuring aut o antibodies . They also 
" yielded additional information concerning the location of 





6.00 THE NATURE AND SPECIFICITY OF GAMMA GLOBULIN/HISTONE 
INTERACTIONS 
6.lO Results 
6.11 Dissociation and gel chromat-ography of histone/gamma globulin 
Erecipitates. Histone/gamma globulin precipitates dissolved 
in O.OlN Hydrochloric ac id were eluted from Sephadex GlOO col-
umns in three peaks. The first peak (A) was eluted in 
the same position as gamma globulin. The second peak (B) 
was eluted at the expecte_d position for histone and the -
third peak (C) was eluted later ttan histone. Essentially 
the sam~ pattern was obtained with ·F2a1, F2b and F2a2 pre-
cipitates. In each cas e Peak (A) was identified -by poly-
acrylamide gel electrophoresis as gamma globulin and Peak (B) 
was the histone together with some degraded protein. The ~-
third peak was mainly lost and denatured during dialysis. 
The small amount of material that could be recovered and 
dissolved consisted of de'graded protein. 
are illustrated in Figs. 38 & 39. 
These results 
When precipitates were dissolved and eluted in 
O.OlN acetate buffer pH 4.0, the gamma globulin was eluted 
in two distinct peaks (Fig. 40). The first peak (A) was 
eluted in a position slightly ahead·of that expected for 
gamma globulin. Polyacrylamide gel electrophoresis in 
0.9N Acetic acid, showed that his peak consisted of gamma 
globulin and attached histone (Fig. 41). The second peak 
(B) was eluted in the correct position for-- gamma globulin. 
The - histone- peak (C) and the peak of degraded protein (D) 
were located in their expected positions (Figs. 40 & 41 ). 
Gamma globulin was found to be eluted later in acetate 
buffer than in O.OlN hydrochloric acid (Fig. 41). 









20 30 40 50 60 
FRACTION NUMBER 
Fig. 38 Chromat ography of a F2a1/gamma globulin pre-
cipitate on a 1.5 x 90cm colwnn of Sephadex GlOO. 
The eluant was O.OlN" -HCl, flow rate 6 ml/hr, hy-
drostatic pressure 13cm. Fraction volumes 2.0 ml . 
Fig. 39 
2 3 4 5 
Polyacrylamide gel electrophoresis in 0.9N acetic 
acid and 2.5M urea of the fractions obtained from 
the colwnn run shown in Fig . 38, 1) total h~stone, 
"2) ammonium sulphate precipitated gamma globulin. 
3) Fraction 1, 4) Fraction 2 . 
The protein from Peak A in chromatography in O.OlN hy -
drochloric -a cid (Fig. 38) and Peak Bin chromat ography in 0.01 
acetate buffer pH -4.0 (Fig. 40), were shown by polyacrylamide get 
electrophoresis at pH 9.5 to consist of the acidic part of _the 
gamma globulin complex . Protein from Peak A in acetate buffe~ 
chromatography (Fig . 40) would not enter the gels . This showed 
that the attached histone had radically altered the charge or 
that the protein was still in the form of large complexes . 












20 30 40 60 
FRACTION NUMBER 
Fig. 40 Chromat ography of a F2a1/gamma globulin precipitat 
on a 1.5 x 90cm col~ of Sephadex GlOO . The 
eluant was O.OlN acetate buffer· pH 4 .0, flow rate 
6 ml/hr, hydrostatic pressure 13cm. Fraction 
volumes 2 .0 ml. 
-
2 3 4 5 
Fig. 41 Polyacrylamide gel electrophoresis in 0.9N acetic 
acid and 2 . 5M urea of the fractions obtained from 
the column run in Fig . 40. 1) Total histone, 
"2) Ammonium sulphate precipitated gamma globulin, 
3) Fraction 1, 4) ·Fraction 2, 5) Fraction 3 . 




Similar results were obtained with histones F2a1 , 
F2a2 and F2b and with gamma globulin from immunized and non-
immunized rabbits (see Taple 4) . 









Experiments showing dis s ociation of gamma _ 
globulin/histone precipita tes at pH 2 .0 or 
pH 4 .0 on Sephadex GlOO. In all the ex -
periments lis ted below results simila r to 




Immunized · rabbits non-immunized r abbits 
F2a1 X -
F2a1 X X 
F2b X X 
F2b X ...,, 
F2a2 X -
F2a2 ' X -
- -
6.12 Adsorption of gamma globulin with histone polymers . Aliquots 
of gamma globulin from non-immunized rabbits were repeatedly 
adsorbed with 25mg of F2a1 polymer (A) and 86mg of combined 
F2a1, F2b, F3 and Fl polymer (B). -The protein adsorbed was 
discharged from the polymer with three washes of 0.2M acetate 
buffer pH 4.0 followed by three washes of glycine/Rel buffer, 
pH 2.3, I= 0.05 . Results of three consecutive adsorptions 
are shown in Table 5. 
Table 5. Adsorption of 39 .6mg (2.9ml ) 
by 25mg F2a1 polymer (A) and 
of gamma _globulin by $6mg of 
Fl polymer (B) . 
A 
mg prote i n dis charged 
pH 4.0 pH 2 .3 
1st adsorption 7,70 1.57 
2nd adsorption 3,72 0.50 
3rd adsorption 2.61 0.07 
' 
of gamma globulin 
of 41.1mg (3.01 ml ) 
F2a2 , F2b, _F3 and 
B 
mg protein discharged 
pH 4 .0 pH 2.3 








During adsorption, cent rifugat ion, washing etc., a 
cons iderable amount of the gamma globulin was lost, (Table 6). 
In the case of adsorption _with polymer~ 50% of the original 
_ total protein is not accounted for whereas in the cas e of B, 
78% is not a ccounted for. This loss in protein must be mainly 
due to two reasons. Firstly during adsorption and processing 
a certain loss in total volume of the gamma globulin solution 
occurs . The maximum protein loss due to volume decreas e dur:mi 
manipulation could amount to 15 mg (A) and 22 mg (B). Since, 
however, with each adsorption the gamma glo~ulin concentration 
decreas es appreciab l y (Table 5)·, the actual loss due to this 
caus e will be much less . The second caus e of protein loss 
must therefore be the dissociation of protein , which was or-
iginally bound to the polymer, during the ext ens ive washing of 
the polymer to remove non- ads orbed protein. It has already 
been shown that suspending a histone/gamma globulin precipitate 
in PBS leads to some of the precipitate going back into the 
solution (Section 5 .14) . ,The position seems to be similar i n 
this case. 
Table 6. Balance of experiment given in Table 5 
(figure= mg protein) 
(1) Gamma globulin recovered from polymer ... 
{2) Unadsorbed gamma globulin in final super-
natant ................................. . 
Gamma globulin a ccounted for (1 + 2) .... 
Initial amount of gamma globu+in subject-
ed to adsorption ....................... . 













The best estimate of the amount of protein actually 
removed by · the polymer can therefore be made by considering 
the concentrat ion of the protein in the original s olution and 
the concentration in the final supernatant. In the cas e of 
polymer A the original protein concentration was 13.7 mg/ml and 
the concentrat ion in the final supernatant was 2.1 mg/ml. I n 
three adsorptions, 85% of the protein was therefore adsorbed. 
In case B the origina l concentration was 13.7 mg/ml and the . con-
centration in the final supernatant was 4.8 mg/ml. In this 
case 65% was adsorbed. Gamma globulin is, therefore, more 
strongly bound to the F2a1 polymer than to the composite polymer • 





Polyacrylamide gel electrophoresis showed that the 
gamma globulin which was discharged at pH 4 .0 was distinctly 
less acidic than that discharged at pH 2.3 (Fig. 42 ). The 
gamma globulin from the first adsorption discharged at pH 4 .0 
was slightly more acidic than that from the second ads orption 
which was in turn more acidic than that from the 1a·st adsorptio· 




Polyacrylamide ge l electrophoresis in 0.37M 
Tris/glycine buffer pH 9.5. 1) Rabbit gamma glob-
ulin_;_ 2) ~am.ma glob°ulin discp.arged from a F2a1 polymer at pH 4.0; 3) Gamma globulin discharged 
from an F2a1 polymer at pH 2.3. 
2 3 4 
Polyacrylamide gel electrphoresis in 0.37M TJ.:is/gl 
cine buffer pH 9 . 5 . 1) Rabbit gamma globulin, .. 
gamma globulin from first adsorption with F2a1 polymer discharged at pH 4 .0; 3) Gamma glqbulin 
from second adsorption; 4) Gamma globulin from 
third adsorption_._ 
In a second experiment two 4 ml aliquots of gamma 
globulin each containing 6.85 mg of protein were adsorbed once 
only, with 25 mg of polymer A and 80 mg of polymer B respective 
ly. After ads orption the protein concentrat ions of the superna 
tants had been reduced to 4.28 and 5.31 mg/ml, i.e. 38% and 22f-
of the protein had been removed. The two-- solutions were ·di-
luted so as to contain 2.5 mg/ml of -protein and 11precipitin 
tests" were set up against F2a1 and F2b. Turbidomet ric measur 
ment of the precipitation were made at various time intervals 






up to 5 days. Although the precipitin peak had shifted far 
to the left and only the descending part of the precipitation 
curve was seen, it was still clear that the peak of precipita-
tion increased and · shifted to the right . with increasing time. 
For the sake of clarity only a single set of readings are given 
in Fig. 44 . 
1·0 
.QJl 
43 6 ny.L 
0·50 
0·25 
1 2 1 2 
,mg F2g1 .ID9 F2 b 
Fig. 44 Precipitation curves using supernatants 
of gamma globulin s olutions adsorbed with 
polymer A and with polymer B • ic • 
Each tube contained 1.25 mg of gamma_ globulin 
and histone as indicated on the graph in 
1.0 ml of PBS. 
A degree of specificity in the adsorption by the 
polymers is indicated. Gamma globulin adsorbed with polymer 
A did not precipitate as heavily with the same F2a1 antigen as 
did gamma globulin adsorbed with polymer B. Conversely gamma 
globulin adsorbed with polymer B did not precipitate as heavily 
with F2b antigen as did gamma globulin adsorbed with polymer B. 
No matter how the gamma globulin is adsorbed, however, precipi-
tation with F2al is much heavier than with F2b . 




6.13 Preparation of gamma globulin fragments . To invest i gate in 
more detail whether the interaction between · hist one and gamma 
globulin is due to a reaction between histone and the variable 
_ part of the gamma globulin molecule, the i nteraction of gamma 
globulin fragments with hist ones was investigated. The pre -
paration of F(ab)2 and F (ab) 1 fragments of gamma globulin as 
· described in ~Section 2.26 i s illustrated in Fig . 45 . If 
Fig. 45 A and B are compared it can be seen that the digestion 
of the gamma globulin sample chromatographed in Fig . 45 B was 
almost complete. The first very small peak corresponds· to 
undigest ed gamma globulin and the maj or peak to the F(ab)2 frag-
ment. The other peaks are presumably peps i n and fragments of 
the digested Fe portions . The F (ab)2 fragment was adequately 
sepa r at ed from undigested gamma glob ulin and smaller fragments. 
Reduction of F( ab) 2 fragment with O.lM mercapt oethanol aft er 
recovery from -Experiment B reduced most of the F (ab )2 fragment 
to the smaller F(ab)1 fragment as shown in Fig . ·· 45 C. The 
small peak of unreduced F(ab)2 was well separat ed from the re-
duced fragment , thus allowing the isolation of pure F( ab )1 . 
Fig. 45 Gel chromatography of gamma globulin and gamma 
globulin fragments on a 2 . 5 x 90cm column of 
Sephad ex GlOO . A) sodium sulphat e precipitat -
ed prepa r at ion of partially pepsin digested 
gamma globulin; B) Peps in digest of gamma 
globulin; C) Protein from the main peak of _ 
the column run shown in B reduc ed with O.lM 
mercaptoethanol. Flow rate 17 ml/hr, hydro -
static head 17 cm, eluant 0.075 s odium chloride 
and 0.075M phosphate buffer pH 7.0. 
Fraction volumes 7,5 ml . 
( See page 67 ) 
























6.14 Prec ip i tation of gamma globulin fragments by hist one . The 
re s ults of precipitation t est s wi th the s e f ragment s and h i stone 
, F2 a 1 a re s hown in Fig. 46 . In each cas e t he precipitat ion in-
creased with time and the peak s hift ed to t he right as des crib -
ed previous ly. Only a s ingle reading taken after 72 hr s is 











Fig. 46 Precipitation curves with gamma globulin 
and gamma globulin fragments and F2a1 . --~~-- r epres ents ga.mma globuli~; 
._ represents F( ab)2;a a -re-
presents F( ab)1. Each tube contains 
l.25 mg of _gamma globulin or fragment and 
the indicated amount of histone in 1.0 ml 
of PBS. 
The curve obtained with t he F(ab)2 fragment was . 
basically similar to that obtained with -the undigested gamma 
globulin although the amount of precipitate was slightly less. 
In the case of the F(ab)1 fragment the peak of the curve was 
shifted markedly to the left so that in the experiment shown 
in Fig. 47 only the descending part of the curve was seen. A 
subsequent experiment showed that if smaller amounts of F2a1 





These results show clearly that the reaction between histo~e and 
gamma globulin is mainly due to the binding of histone to the 
bivalent F(ab)2 part of the globulin molecule, the same portion 
. . 
which binds the antigen in an immunological reaction . A small 
part of the gamma globulin populat ions, however, has at least 
two binding s ites in the F(ab) 1 fragment as indicated by the 
occurrence of.precipitation on mixing F(ab)1 and histone in 
suitable proportions. 
6 . 15 Precipitation of gamma globulin by protamine. Protamine also 
had the capacity to precipitate gamma globulin in a similar 
manner to histones. Reaction between protamine and gamma globu-
lin was, however , much weaker than in the case of histones as . . 
can be ~een by the small amount of precipitat ion which occurs 
with comparat ively l a rge amounts of protamine . The precipita -
tion curve is rather flat and a large excess of protamine is 





mg PROT AMIN~ 
Fig . 47 Pr otamine/ gamma globulin precipitation curve . 
Each tube contains 1 . 25 mg gamma globulin and 
protamine as indicat ed in 1 .0 ml of PBS . 
• 
I . ... 
- 70 -
6 . 16 Anaphylaxis reactions . All immunized rabbits used for cutaneous 
anaphylaxis tests developed -blue spots at the injection sites 
of the histone fractions within a few minutes. This applied 
_ to rabbits which had been immunized with both whole histone and 
Fl only . Three out of four non-immunized rabbits also showed 
similar immediate type reactions to injection of histone frac-
tions . Saline control injections did not induce this type of 
reaction (Fig . 48 ). 
Cutaneous reactions in an immuni zed rabbit , 
induced b;y the injection of 1) Total histone, 
2 ) Fl, 3) F2a1, 4 ) F2a2 , 5) F2b , 6) F3 , 







Cutaneous reactions in a non-immunized 
rabbit, induced by the injection·of 
1) Total histone; 3) Fl; 3) F2a1;
4) �2a2; 5) F2b; 6) Salin� .




Histone/garnma globulin precipita tes can be com-
pletely dissociated at pH 2.0 and the gamma globulin and 
histone separat ed by gel chromatography. At pH 4,0, how-
ever, some histone still remains firmly bound to the gamma 
globulin. This result supports the view that different 
gamma globulin molecules in the total gaillffia globulin popu-
lation have different binding affinities . for histones . The 
binding affinities are a func t ion of the distribution of -
cha rges at the surfaces of the two proteins and are therefore 
pH dependent. The behaviour of gamma globulin from both 
immunized and non-immunized animals was similar in this respec~ 
This again stresses the unlikelihood that a specific anti-
body/antigen reaction is involved. 
Gamma globulin discharged from a F2a1 polymer at 
pH 2.3 is more acidic than that discharged at pH 4,0 (Fig. 42). 
Repeated adsorption with ,the same polymer yields gamma ,globulin 
of increas ing basicity (Fig. 43), These findings again sup -
port the view that histones interact-with a variety of dif-
ferent gamma globulin molecules all having anionic groups 
capable of interacting with his tones. Furthermore, repeated 
adsorption with a F2a1 polymer removed 85% of the gamma 
globulin. As it is unreasonable to ass~e that 85% of all 
gamma globulin molecules are nat urally occuring auto-antibodi.e 
directed against histones, the int eraction must be non-immLmo -
logical. In the experiments reported in Section 6.1 it 
was seen tha t repeated washing of a gamma globulin charged 
histone polymer in PBS resulted in the loss of cons iderable 
amount of gamma globulin. This shows that in contrast to an 
antigen antibody interaction; his tone/garnrna globulin inter-
action is reversible even at pH 7,3, -· 
Present views indicate that the gamma globulin 
molecule consists of two heavy (H) chains and two light (L) 
chains which are covalently bound by disulphide linkages. -
Secondary bonding forces are also important in determining 
the conformation of the molecule (Davis et al, 1968). 
Fig. 50 shows schematically the gamma globulin molecule and 






















Schematic repres entation of preparation 
?f F(ab) fragments. 
Sl-4 
SH 
Histone -was seen to interact with F(ab)2 fragment 
in a similar manner to gamma globulin (Fig. 46). The optimal 
ratio of gamma globulin or F(ab)2 fragment to hist one on a 
weight basis, was similar . - -As the F(ab)2 fragment has a 
molecular weight of about 2/3 that of -gamma globulin this 
indicates that it is slightly less reactive if considered on 
a molar basis. The amount of precipitate formed at the 
"equivalence point" was about 15% less in the case of the 
F(ab)2 fragment than in the case · of whole gamma globulin . 
Although the F(ab)2 fragment appears to be slightly less re-
active than whole gamma globulin it is obvious that they be-
have in a similar fashion. The majority, if not all , of the 
binding sites for histone are · thus apparently located on the 
F(ab)2 region. The varying iso-electric points of gamma 
globulin molecules will be determined by the differences in 
their variable regions. The above finding is therefore in 
good agreement with the repeated demonstrat ion that the most 
acidic gamma globulin molecules react preferably with histones 
and bind most strongly to them. 
In contrast to antibody antigen reactions the F (ab)l 
fragment of gamma globulin still forms a precipitate when · 
I . ... 
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mixed with histone. The amount of precipitate which forms 
at the "equivalence point" is, however, only slightly more 
than half that which forms with the F(ab)2 fragment at its 
equivalence point, and the peak is shifted to the left 
(Fig. 46). This result indicates that only a fraction of 
the F(ab)l molecules are compet ent to take part in a precipi-
tation reaction. The majority of gamma globulin molecules 
therefore have only-one site per F(ab)l fragment which can 
bind histones while others have t we or more. Only the latter 
would yield F(ab)l fragments capable of precipitating with 
histones. - -
yw 
In view of our previous discussion, it seex likely 
that the mos t acidic gamma globulin molecules, which are most 
difficult to dissociate from histone gamma globulin precipi-
tates , or from histone polymers, would be those with two or 
more acidic binding groups per F(ab)l fragment. If, in a 
histone gamma globulin system, non-precipitat ing gamma 
globulin molecules do exist then their acidic binding groups 
must be arranged in such a manner that beca use of steric 
reasons they cannot react with two histone molecules simul-
taneously. 
Protamine is apparently capable of precipitat ing 
gamma globulin in a similar manner to histones. It is, hm·r -
ever, much less efficient than histones and a great excess is 
necessary to redissolve insoluble protamine/gamma globulin 
complexes. This finding does, nevertheless, stress the fact 
that other basic proteins may precipitate gamma globulin in 
a similar manner to histones. In theory any basic protein 
with at least two positively charged determinants capable 
of binding with at least two negatively charged groups on 
gamma globulin should be able to cross link gamma globulin 
molecules , to form a lattice similar to an antibody/antigen 
complex. Other proteins which interact with immune glob -
ulins also appa rently form lattices and their precipitation 
curves show equivalence points . Examples are, Protein A 
from Staphylococcus aureus which interacts with the Fe part 
of gamma globulin (Forsgren & Sjoquist, 1966) and concan- · 
avalin .A which reacts with the carbohydrate moeity of lg M, 
(Goldstein , et al . ,1969) . 
I . . . . 
• 
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The finding that histones caus ed anaphylaxis-like 
reactions in non-immuni zed rabbits was surprising . Histones 
thus have the capacity to mimic immune reactions in vivo as 
well as in vitro. According to Davis et a l.,~96~, the two 
types of anaphylaxis-reactions known are cyt otrophic and 
aggrega_te an_aphylaxis. In the former it i s believed that 
anaphylaxi s is initiated, · by the intera ction of antigen and 
antibody which is bound by its Fe fragment to initiato r cells 
(mast cells·; ·platelets and blood basophils) . -Cross linking 
of the bound antibody by ant igen on the cell surfaces leads 
to conformational · changes on the-membrane . - -- The pharmoco-
logical · initiators hist amine -s erotonin, bradykinin, - lysyl 
bradykinin and SR S-A ( slowly reactive substance-anaphyl axis ) 
are thereby released :from the cell. - · Only minute amounts 
-of- cytotrophic antibody are required to- initiat e this type of 
anaphylaxis. · On· ·the other hand aggregate anaphylax i s is 
initiated by c0mparat ively large am0unts of antibody , and 
' soluble antib ody antigen- complex causes the rea ction-.- - ·· The 
soluble complexes apparently - fix· ·complement · to · form anaphylo -
toxin which releases the anaphylaxis initiators from mast cells , 
(Davis et al .,, 1968). 
Histones therefore probably mimic the effect of 
antigen by crosslinking gamma globulin molecules on cell sur-
face s . Alternatively, histones -could bind directly to cell 
surfaces as· shown by Gillisen (1969) or form anaphylot oxin-
like aggregates with gamma globulin or other proteins. 
Protein A from Staphylococcus aureus, which interact s with 
gamma globulin but -not with other proteins on cell surfaces , 
similarly initiates anaphylaxis-like reactions (Gustafson, 
et al;, 1968). It therefore seems most likely t hat the 
pseudoimmuno effects of histones in vivo are due to their · 
interactions with gamma globulin. 
In this context the in vivo immunosuppress ive 
effects of histones are also of- great interest. Histones can 
to varying degrees inhibit the production -of antibody to a 
specific antigen (Pelletier & Delaunay , 1970); de:lay the d_e-
velopment of the passive cutaneous anaphylaxis reaction 
(Gillisen , Nehring &.Plum, 1969); delay the rejection of 




skin transplants whe·n injected_ into recipient or donor 
(Gillisen & Nehring, 1969; · Gillisen & Nehring, 1970). Its 
effect of increasing vascular permBability is similar to · that 
of LNPF (lymph node permeability factor) which is thought to 
be an initiator of -delayed hypersensitivity (Gillisen & 
Breining, '1969a, 1969b). Hist ones also induce a macrophage 
disappearance· reaction, one of the manifestations of the de-
layed hypersensitivity reaction (Gillisen & Bubenzer , 1970). 
Gillisen and Nehring (1969 ) have suggested that the immuno-
suppressive effect of histones may be due to 11 the known in--
hibi tion of RNA- synthesis by histone 11 • ·· In view of our find-
ings the alternative suggestion is, ·however, · made that the 
effects of histones in vivo are due to the antigen/antibody-
like interactions between histones and gamma globulin, or 
gamma globulin-like receptors. The immunosuppressive effect 
can then be explained as a result · of the blocking by histones 
of the · recognition step which has frequently been postulated 
to involve the initial recognition of antigen by a natural 
antibody (Davis et al,, r 1968; Lurie, 1969) . Similarly the 
antigen mimicry effect of histone could release LNPF and 
initiate the mc:1.crophage disappearance reaction. 
- The described interaction between histones and the 
variable part of the gamma globulin molecule can explain at 
the molecular level the multitude of effects of histones 
observed in vitro and in vivo in the cours e of im..rnunochemical 





The following conclusions have been made from the 
results reported in this thesis. 
1) The production of specific· anti-histone antibody could 
not be demonstrated, except possibly in the case of histone Fl. 
2) His tones · interact- non-specifically with a number- of serum 
proteins . - The interaction is of an electrostat ic nature and 
is greatest with proteins __ of_ lowest iso-electric point. 
3) Histones react with gamma globulins and cross~link them 
to form large insoluble lattices. Maximal precipitation 
occurs only when the histones and gamma g-lobulins are in an 
optimal ratio. It decreases if either gamma globulin or 
histone is in excess. 
4) The majority of gamma globulin molecu1es have more than 
one binding site ;(or __ hist ones in the variable region (F( ab ) 2 ) 
5) The histone/gamma globulin interaction is not a specific 
antibody/antigen reaction as indicated by the following 
evidepce . 
- . -
a) Gamma globulin from the serum of immunized and 
non-immunized rabbits behaves in a similar fashion . 
- . . . - . 
b) Oply a part of the histone is precipitated even 
when gamma globulin and histone are in an optimal 
ratio . 
- - - . 
c) Dissociation of pr_ecipitates at different pHs in-
dicates that different gamma globulin molecules 
with different binding affinities for histones 
are involved in the interaction . · 
d) A F2a1 polymer can adsorb at least 85% of .all 
ganµna globulin molecules from a gamma. globulin 
preparation . 
e) Monovalent F(ab)1 -fragments of gamma globulin 
are able to precipitate with histone . 
f ) Protamine can a~so precipitate gamma gl9buljn 
indicating that other basic proteins can also 
interact with gamma globulin in a similar manner 
to histones . 
. 6) The . non-immunogenic reaction between gamma globulin and 
histones has a certain degree of specificity as indicated by 
different affinities of individual histones to the various. 




7) Histones app~rently- interact with gamma globulin in vivo 
I, 
I· and can thus initpte anaphylaxis . _ 
8) The in vivo affects of histones involving immuno-suppression 
and imitation of delayed hypersensitivity described by Gillisen 
and his co-workers- ( see Section 6 . 20) can be explained on the 
basis of hist.one gamma globulin interactions . 
9) Interactions of histones and serum proteins could easily 
be mistaken fo~ snecific antibody antigen reactions because : 





Gamma globulin precipitates. histones ~nd the pre-
. cipitation curve resembles a typical precipitin 
curve found in an antibody antigen reaction . 
.. -
Gamma globulin can be adsorbed onto insoluble 
hist one polymers -and discharged at low pH . 
Hi.stones can induce a response indistinguishable 
from a local anaphylaxis reaction in the skin of 




8. 00 SUMMARY 
The biological ·importance of the histones has 
been discussed and the literature briefly reviewed . Methods 
of isolating and fractionating histones were investigated , 
special attention was paid to the use of gel chromatography 
as a means of purifying the maj or histone fra~tions . . 
The interaction of histones and serum proteins was 
·investigated and it was found that histones precipitated the 
acidic serum proteins. Evidence was provided to show that 
t he interaction was probably of an electrostatic nature . 
The histones also j_nt eracted with purified gamma globulin 
preparations which they precipitated in agar gel diffusion 
test or in solution in a manner superficially resembling an 
antigen antibody interaction. Precipitates could be dis-
sociated at low pH and histone and gamma globulin separated 
by gel · chromatography. Histones were found to induce anaphy-
laxis-like reactions when· injected into the skin of rabbits. 
The histone/gamma globulin interaction was shown 
to be non-specific (not an antibody antigen rea ction) as in-
dicated by the following evidence: 
l) Gamma globulin from immunized and non-immunized rabbits 
was precipitated in a similar manner . 
2) The interaction appears to be revers ible and only part 
of the histone is precipitated even when gamma globulin 
and histone are present in· optimal proportions . . 
3) Dissociation of precipitates at different pH's indicates 
that histones interact with a variety of different gamma 
globulin molecules representing virtually .the whole spectrum 
of the gamma globulin population . 
4) A histone F2a1 polymer can absorb at least 85% of all gamma 
globulin from a solution . 
5) Monovalent F (ab) 1 fragments of gamma globulin are precipi-
tated by histone . 
6) Protamine can also precipitate gamma globulin, indicating 
that other basic proteins can behave similarly to histonBs . 
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